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SECTION 1

INTRODUCTION

Blunt probes [Hale and Hoult (1965); Hale (1967); Hale, Hoult
and Baker (1968)] and Gerdien condensers [Pedersen (1964); Rose and
Widdel (1972); Conley (1974); Croskey, Hale and Leiden (1977);
Mitchell, Sagar and Olsen (1977)] are presently being flown on rocket
and balloon systems to measure electrical conductivity in the middle
atmosphere. he Gerdien condenser has the additional capability of
being able to measure ion mobility and charge number density [Pedersen
(1964); Croskey (1976); Sagar (1976)]. Both of these experiments are
being utilized to study fcnization process in the middle atmosphere.
In particular, such phenomena as midlatitude sunrise condition [Mitchell
et al. (1977)]) and the D-region "winter anomaly" [Mitchell, Hale, Olsen,
Randhawa and Rubio (1972); Mitchell and Hale (1973)], a solar eclipse
[Baker and Hale (1970)], a polar cap absorption event [Hale (1974)] and
the high-latitude, middle atmosphere during geomagnetically disturbed
conditions [Olsen, Mitchell and Croskey (1976)] have been studied using
rocket instruments. A balloon-borne blunt probe experiment on the recent
STRATCOM flights has also proven useful in studying the temperature de-
pendence and altitude dependence of electrical conductivity in the strat-
osphere [Mitchell and Hale (1973); Mitchell, Hale and Croskey (1977)].

With the recent miniaturization of the blunt probe to make it com—
patible with the super Loki meteorological rocket system, and with this

particular instrument now commercially available [Olsen (1977)],
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the number of blunt probe rocket flights has increased appreciably.
This, in turn, has resulted in the need for computerized data pro-
cessing and reduction techniques to improve both the speed and

accuracy of these tasks.
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SECTION 2

THE BLUNT PROBE AND GERDIEN CONDENSER EXPERIMENTS

Experinent Description

The subsonic blunt probe [Hale et al. (1965); Hale (1967)] and
Gerdien condenser [Pedersen (1964); Croskey (1976); Sagar (1976)]
experiments measure electrical conductivity and in addition, the
Gerdien cendenser measures fon mebility and charge number density.
When launched using a rocket, the pavload separates from the motor
at apogee (nominally at 70 to 80 km) and descends to the ground on a
parachute. The data are telemetered in flight back to the receiving
station where the information is recorded on magnetic tape.

The blunt probe experiment was initially designed in the mid

1900's [Hale et al. (1965); Hale (1967)]. The theory of charged

particle collection for this instrument indicates that to first order,
the collection current is neither dependent on the descent velocity
nor the peadulum motion of the payload as it descends on a parachute
[ifale et al. (1965); Hoult (1905)].

With the recent development of more stabilized parachute systems,
the possibility of a subsonic Gerdien condenser experiment for mea-
suring ien mobility and cliarge number density (both of which are flow
dependent parvanmeters) is now feasible. Thus, subsonic Gerdien con-
denser experiments for flying on such stabilized parachute systems
have been recent!y developed [Farrokh (1975); Croskey (1976); Sagar

(1976)] to measure these clectrical parameters.




The particular instruments for which the computer data reduction
scheme In this report was developed are flown cn standard meteorolog-
ical rocket systems such as the Arcas and super Loki rockets. The
1680 MHz transmitter and moculation system i3 compatible with those
used by the Meteorologtcal Rocket Netwerk (MRN), thue making it
possible to launch the instruments at any MDN rocket range [The

Meteorological Rocket Networlk Document 11-64 (1965)].

2.2 Current-Voltage Ralationships

The blunt probe uses a circular planar collector geometry for
charged parcicle ccllection (see Figure (2-1)). The current of col-
lected charged particles 13 described by the equation [Hale (1%67);

Mitchell (1973)]:

V] (2-1)

where r and It are the radii of the collector and the outside of the
guard riag, resvectively, and o, is either the positive or negative

electrical conductivity which is defined as follows:

= :E: Ni+ eu,, (2-2)
1t

qa_ = :E: Ni- e Hy + Ne e, (2-3)
i

In the above cxpressions, NL+ ()JL ) represents the concentration of

positive (negative) fons of the ith specics and L (ui_) is 1its
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? respective mobility value. The concentration and mobility of free
i
3
g electrons are Nu and Moo respectively, and e represents the magnitude
of the charge for an electron.
3
| If the collector voltage is a vamp function, it is preferable to
determine electrical conductivity by measuring (dl./dV) and using the
following equation:
“ . \ll.
| I 2=,
4] ¢ ne dv (2=4)
' P §
i

This approach removes the problem of having to actually measure the
probe's current and voltage in determining O

The collected charge particle current (s measured by an elec=

oo e sy e o e

trometer [Zimmerman (1971)] housed inside the probe, and the electro=

ey

meter's analog output sipgnal {s converted to a negative pulse wave-
form having a frequency proportional to the electrometer's output X

voltage. The pulse wavetorm in turn modulates the transmitter output

TRV i 53 AT e 0

Thus, the expression for o, An Bqe (2=4) can now be written in the

form

| (dt " /dt )lh\'l‘_:\

T e (2=5)
t g2 Ry WEdE)

: where £, I8 the modulation frequency corvesponding to the in=flight

measurement of collected charge particle curvent 1 o Prior to

launch, a high=valued, precision resistor (RCAI) {s connected between

the collecting and return electrodes, thus feeding a calibration cur-

rent to the electrometer. The resulting telemetered wavetorm val.

{s received through the telemetry system prior to tlight and recorvded




on magnetic tape. In Eq. (2-5), the value of this calibration

resistor is RCA and the slope of the modulated calibration wave-

L
form during the sweep portion is (df/dt)cALo

For a Gerdien condenser, the collector geometry consists of a
cylindrical collector and an outer, concentric cylindrical return
electrode (see Figure (2-2)). A voltage waveform is swept between
these two electrodes and the resulting current of charge particles
collected on the {nner electrodes is measured. Using a similar
clectronics system and preflight calibration procedure [Sagar

(197£)] as for the blunt prohe, the expression o, in the Gerdien

%

ceneanger's lincar region of operation is

R !
: #25 0 Ry

(df,/dt)D',\.rA
‘ (df/dt)cAL

(2-6)

In the above expression, re T and £ are the inner radius of the

i
return electrode and the radius and length of the collecting elec-

trode, respectively. Again, R is the resistor value used in

CAL
parullel with the condenser to generate the preflight calibration
current resulting in the modulating frequency fCAL'
If the tflow through the aspirator can be determined, then the
Gerdien condenser's cylindrical electrode geometry also affords the
opportunity for measuring the fon mobility and charge number density.
The reduction of the Gerdien condenser's current-voltage response to

obtain the mohility information requires the determination of the

voltages at which the different fon mobility groups are entirely
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collected out of the alr sample passing through the aspirator. The
determination of these voltage values requires a further analysis of
the probe's 1-V response and was not considered in the scope of this

research.

2.3 Experimental Procedure

As mentioned previously, the rocket experiments are usually con-—
ducted at Meteorological Rocket Network {MRN) launch sites, Prior
to launch, the instrument is operated in the preflight calibra-
tion mode as discussed earlier, The resulting transmitted signal
is received and recorded on maginetic tape. An example of this wave-
form showing the calibration frequency versus time is given in Figure (2-3).

The telemetry svstem used for obtaining the in-flight data is
the same as that used during the preflight calibration. In addition,
timing information is recorded on another channel of the tape recorder.
While the probe is descending on a parachute, a ground-based radar
system measures the position and velocity of the instrument as a func-
tion of time and thus the electrical conductivity data, which are also
recorded as a function of time, can later be determined as a function
of altitude.

The actual reductfon of the data wvaveforms occurs at a later
time in the laboratory. Representative data waveforms for both the
blunt probe and the Cerdien condenser are also shown in Figure (2-3).
As discussed earlier, the electrical conductivity values are propor-
tional to the designated slopes of the modulated data waveforms and

thus, the data reduction procedure involves determining the slopes
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(df,dt)CAL Blunt Probe Calibration Waveform

t
Blunt Probe Data Waveform-
t
N (dt/d
(dt/ ‘)CAL Gerdien Condenser Calibration Waveform
t

(dt-/dt )para Cerdien Condenser Data Waveform

\( dt+/dt )DATA

Figure (2-3) Representative Waveforms
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of these particular waveforms [Hale (1967); Mitchell (1973); Sagar
(1976) ).

SPNTSETI T AT N e SRk o s L% 1 I BT e,



12

SECTION 3

o

DATA REDUCTION MINICOMPUTER SYSTEM

3.1 System Functions ?

3.1.1 Introduction
The overall minicomputer system performs two general functions

in reducing the electrical conductivity data, namely, data acquisition

and data processing. The data acquisition procedure involves the
transfer and storage of data from the originally recorded magnetic
tape to a DEC RK11/RK0S disk. In transferring the data, which ini-
tially are a series of negative pulses in the frequency range of 0
to 200 pps, the time period between the leading edges of consecutive
pulses are measured using the Real-Time Clock of the DEC LPS11 Labora-
tory Peripheral System and the digitized values are stored on the disk.
The processing of the data involves such tasks as waveform seg-
mentation and display, the removal of spurious noise from the data
waveform, and actually determining the slope, f.e., (df:/dt)DATA or
Gf/dt)cAL of the waveform for a designated time interval,
A discussion of the DEC PDPP 11/10 minicomputer and LPS11 Labora-
tory Peripheral System, which are {nherent to both of these data re-

duction functions, will be discussed in later sections of this section,

Also, a user's manual of this system is presented in Appendix A.

3.1.2 Data Acquisition System
The block diagram of the data acquisition system i{s shown in

Figure (3-1). The data inputs originate from the tape transport unit
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i (HP3960 Instrumentation Recorder). The output waveforms from the tape

tranasport unit are of three general typea: calibration data, in-flight

data and timing data (recorded simultaneoualy with the in-flight data).

e

i The calibration and in-flight data are recorded in the form of a nega-
tive-pulse modulated signal which is the input to Schmitt trigger 2

of the Real-Time Clock. The time periods between two consecutive
pulses are measured by the Real-Time Clock as digital integer values.

Also, the accumulation of digital integer values is used to determine

the time of the data waveforms as referenced to the launch time for
the payload,
An optional method for determining the relative times corre-
sponding to the data waveforms involves using the simultaneously re- .
; corded timing data on the magnetic tape. The timing information is
demodulated to a fixed rate, otfset binary signal. Since the signal
is not compatible with the LPS11 Laboratory Peripheral System's dig-
ital input port, it is fed into an analog {nput channel and sampled
using Schmitt trigger 1 fired by an external osc{llator running at

? about 30 kHz,

All the digitized data are stored on the RK11/RKOS5 disk of which

the storage capacity {s more than 1.2 millfon 16-bit words.

3.1.3 Data Processing System

The data processing system i{s used in an off-line or delay-time ’
sense after data are initially stored as descrided in Section 3,1.2,
The block diagram of the data processing system is shown in Figure

(3-2). The Central Processor Unit (CPU) of the minicomputer performs
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all the numerical functions and calculations such as determining a
straight line fit to the data waveform by the least-squares method,
setting a criteria for waveform segmentation, etc. A Tektronix 603
Storage Scope i{s used to display the waveforms for determining the
regions which provide (df/dt) or (df_/dr)

(df+/dt) The

CAL' DATA DATA’
LA36 DEC writer II is used to input the signal to control the proces-

sing and to print out a hard copv of the results.

7

3.2 PDP 11/10 Mintcomputer System

The PDP 11/10 minicomputer system [RT-11 System Reference Manual
(1975)] includes a Central Processor Unit (CPU), a core memory, a
large number of peripheral devices and extensive software., It provides
the daca storage, processing and printout functions, The system com-
ponents and peripherals connect to and communicate with each other on
a single high-speed bus known as the UNIBUS. Address, data and control
{nformation are sent along the 56 li{nes of the bus. The form of
communication is the same for every device on the UNIBUS. Fach device,
fncluding memory locations, processor registers and peripheral registers,
i{s assigned an address.

The Central Processor Unit s connected to the UNIBUS as a sub-
system. It performs arithmetic and logic operations, instruction de-
coding, and data transfers directly between the input/output (1/0)
devices and memory.

The core memory is viewed as a series of locations, with a number
(address) assigned to each location. The PDP 11/10 memory is designed

to accommodate both 16-bit words and 8-bit bytes, A 16-bit word used

RPN NN SO e ' e
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for byte addressing can address a maximum of 32K words. However,

addresses froan 0 to 7778 and the top 5,09610 wvord locations have been
reserved by the system [or the interrupt and trap handling, processor
stacks, general registers, and peripheral devices registers, and there-
fore, a maximum of 28K of core are left to be programmed. However,
only 16X words of core have been implemented in this minicomputer
system. The amount of mass storage in the minicomputer is another
important consfderation in this system, The PDP 11/10 system has a
RK11/RKOS5 disk and two TAll cassette tape drives which can be used for
lmmedlate mass storage. The RX11/RKO5 disk has a maximum storage
capacity of over 1.2 million 16-bit words per disk and a data transfer
speed of 11,1 microseconds (us) per word. The RK11/RKOS disk is fast
enough and has enough storage capacity for about one hour of flight time,
For example, if the average frequency of the flight data is 100 Hz, this
requires 360,000 16 bit=words of storage capacity if every data point is
to be storeds Thus, if 10,000 data points are transferred from memory
location to the disk, it only takes 04111 seconde Also, if the direct
memory access (DMA) operation is used, it takes less than 1 millisecond
(ms),

The cassette drive system is too slow to be used while the data
acquisition system {s running since there is not enough time for tape
positioning and data transfer from memory to cassette tape. After the
data have been processed and stored on a disk, the cassettes could be
used as a cheaper form of storage for backup.

The communication bhetween the user and the minicomputer {s also
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an {mportant counsideration. The PDP 11/1Q system has a LA36 DEC
writer II which is used as a console for inputting the control data
and printing out the necessary informatfon. The LA36 DEC writer II
“is loaded with many practical functional and operator features such

as 30 character per second throughput (accomplished by a 60 Hz catchup
mode), infinftely variable vertical forms adjustment, variable forms

width, and multi-part forms capability.

R 3.3 LPS11 Laboratory Peripheral System

The LPS11 Laboratory Peripheral System includes a programmable
Real-Time Clock with two Schmitt triggers, a Display Control with two
12-bit P/A converters, and a 12-bit A/D converter. It is a high per-
formance, modular and real-time subsvstem that interfaces with the
PDP 11/10 minfcomputer via the UNIBUS. The flexibility of the system
makes it well suited for a vaviety of applications such as data collec-
tion, monitoring and reduction. A block dlagram of this system {is

shown in Figure (3-3).

] 3.3.1 LPSKW Programmable Real-=Time Clock
The LPSKW Real-Time Clock offers soveral methods for accurately
measuring and counting intervals or events. A block diagram is shown
in Figure (3<4). The clock can be used to synchronize the central

processor to external events, count external events, measure {ntervals

of time between events, and provide Interrupts at programmable inter-
vals. It can also be used to start the analog-to-dipital converter by
means of the overflow from the clock counter or by the firing of a Schmitt

trigger. Many of these operations can be performed concurrently,
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Figure (3-4) Real=Time Clock Block Diagram




The clock will generate one of five crystal-controlled frequencies:
1 MHz, 100 kHz, 10 kHz, 1 kHz or 100 Hz, and operate in any one of four
programmable modes: single interval, repeated interval, external event
timing and event counting from zero base. The Real-Time Clock may
also use an external (Schmitt trigger) input or a line frequency input
as a time base.

Two Schmitt triggers which are included with the Real-Time Clock
can start and read the clock, start the A/D converter and cause pro-

gram interrupts.

3.3.2 LPSVC Display Control

The LPSVC Display Control i{s used to display data in the form of
a 6,09610 X 10.096lo dot array on the scope. The Display Control (see
Figure (3-5)) consists of an M7019 Scope Control Module and an A625
Digital-to-Analog converter Module which must be used with the M7015
Bus Control. Under program control, a bright dot may be produced at
any point in this array, or a series of these dots may be programmed
to produce a graphical output.

Output operations of the Display Control, which may output to either
an X/Y recorder or a display unit, are accomplished by loading the
status register and the X or Y register., Through use of status regis-
ter bits, the Display Control, which operates the Tektronix 603 Storage
Scope has the capability of intensifying the contents of X or Y reglsters,
indicating when the scope is ready for intensitication, providing erase,

write-through, and non-stop control functions for the storage scope,

and enabling {nterrupts.
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3.3.3 LPSAD-12 Analog-to-Digital Converter

The LPSAD-12 jis a 12-bit successive approximation A/D converter
which can sample analog data at specified rates and store the equivalent
digital value for subsequent processing. The block dfagram of the A/D
converter is shown in Figure (3-~6). It consists of four functional
modules: an M7018 A/D Control module, an A804 A/D Converter module,

an A406 Sample-and-Hold module and an A407 8-Channel A/D Multiplexer

module.
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SECTION 4

DATa REDUCTION PROGRAMMING

This section discusses the ifmplementation of the software pro-
gramming for reducing the electrical conductivity data. All of the
programs were written in Fortran IV and Assembly Language under the
RT-11 system. Flow charts and listings of the programs are given in

Appendices B and C, respectively.

4.1 Pulse Frequency and Timing Measurements

In determining the pulse frequency of the data waveform the Real-
Time Clock is used to measure the time interval between the leading
edges of consecutive pulses. The programming of the Real-Time Clock
uses the status register and buffer/preset register, which are des=
ignated by lé6-=bit words and located at the addresses of 170404
and 170406 respectively. When the status register is loaded, {1t
enables the counter to count at a designated rate; it controls
the rate of the base frequency (100 Hz to 1 MHz); it causes an in-
terrupt {f its flag {s set; and {t counts the event timing from zero
base by starting when a pulse comes from Schmitt trigger 2. Schmitt
trigger 2 is used to shape the datu waveform by converting the neg-
ative going data pulses to a train of negative pulses with the same
frequency and a pulse width of approximately 2 us. Each pulse from
Schmitt trigger 2 sets the {nterrupt flag and causes the transfer of

the contents of the buffer/preset register to a temporarily reserved

LM il e e it :““ i . . o S i e
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buffer in memory, until all the signals on magnetic tape have been
digitized and stored in digital form on the disk. Therefore, the
number of counts is proportional to the time interval of two con~
secutive pulses and {aversely proportional to the pulse frequency.
For example, {f the 100 kHz clock frequency is used, the number of
counts for a 100 pulses per sec (pps) waveform is 1,000 and tor a
250 pps waveform, it is 400,

However, {f the time {nterval of two consecutive pulses {is
greater than 0.65535 sec and the base frequency of the clock is 100
kHz, the number of counts will be greater than 6553510 which 1s the
maximum value that the 16-bhit buffer/sreset register can handle,

An Interrupt service routine and an interrupt waiting loop are used
when a time interval between two consecutive pulses {s greater than
0,65535 sece An index number within the interrupt waiting loop is set
proportional to the nunber of times that the watting loop has been
completed between the two consecutive pulses. Also, the instruction
time of the waiting loop can be calculated. Thus, an estimate of the
walting leoop's total execution time actually gives the time interval of
the tyo consecutive pulses. For example, if the instruction time fov
a complete wafting loop {s 23.2¢10% us and the waiting loop has been

completed 28,24 tines, the index number will decrease by 1, Thus,

10
1f the Index number fs -100, the time interval of these two pulses ia
65.535 seconda.

The "WRITE" request is a "programmed request" that is an assem-

bler macro call written {nto the program and interpreted by the

PDP 11/10's monitor at the program execution time. It is used to
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transfer a specific number of data points from a temporarily reserved
buffer of memory to the disk. The control of the Central Processor
Unit returns to the program immediately after the request is queued
(<1 ms). The storage of data points requires double-buffered 1/0
techniques, t.e., the contents of one of the buffers are transferred
from memory to the disk while the other buffer is filled immediately
without interacting with the previous buffer. Since the data are
digitized and collected from the tape recorder which is continuously
running, the "WRITE" request interrupts the Central Processor Unit
for less than 1 ms, which means that only pulses greater than 1 kHz
will be lost.

Since each block of the DEC RK11/RK0S disk contains 4008 (25610)
16-bit words, the number of words of every buffer reserved in memory

is usually an integer multiple of 256 0 1.e., every buffer could

1
contain 16&008 (640010) 16-bit words (25 blocks).

The "TTYIN" request is used to recefve the characters from the LA36

DEC writer II. All of the characters received are in the form of ASCII
Code. Thus, a subroutine "TTIN" {s used t> convert the characters from
ASCII Code to numerical values. For example, the 16-bit word 364658
(the higher byte is 0715 and lower byte 0655) in ASCII Code converts
to a numerical value of 5910.

Typically, the data recorded on magnetic tape for one hour occupy
about 900 blocks (230,400 16-bit words) on tha disk, of which approxi-
mately 200 blocks are for the preflight calibration waveforms, 80
blocks for the data between the launch of the rocket and the separa-

tion of the pavload from the rocket, and the remaining 620 blocks for

the in-flight data.

T —
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4.2 Waveform Segmentation and Restorage

For an easy access to each waveform for data processing, the data
are segnentod on an individual waveform basis with the data points
stored in seven blocks (per waveform). The restorad data are assigned
a different file name on the disk, and the original data file is used
as a back-up.

For a typical experiment, usually ten to twenty preflight cali-
bration waveforms and one hundred or more in-flight data waveforms
are recorded on a magnetic tape. Referring to Figure (2-3), most
wavetorms contain three porticans: a beginning portion of low fre-
quencies, a regfon of fncreasing frequencies, and a final portion of
relatively high and almost constant frequencies, Segmenting the data
fnto individual waveforms was accomplished by recognizing the general
features of the beginning portion of the next waveform,” In doing this,
several hundred to a thousand or more data points are extracted for a

completa calibration or in-flight waveform.

4.3 Data Display

Although each data wavetform has certain general charvacteristics,
the large varfability of the central portion of the waveform leada to
no simple and dependable method of software programming to extract the

linear regions which will provide the values of (dfgl dt) (trom

DATA
which the electrical conductivity is derived). An example of how a
complete waveform is displayed is shown {n Figure (4-1). The values of

the hortzontal coordinate indicate the sequential number of the data

pointa and the scale is a function of time. The values and scale of
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the vertical coordinate are a function of frequency in Hz., There-
fore, the scepe actually displays frequency as a function of time.

e
\ "\u

3cope matrix is a 4,(9610 ® 4,09610 dot arrvav. Frequency
and time scalings of the waveform are required before displaying on
the scepe., The relationship between the original values of the
data, frequoncy, ting, and ccorresponding valucs on the scope are
shown i Table 1, wiere LeSVOX represents the valucs of the horizontal
coordinate and LUSVIY represcats the values of the vertical coordi-
nate.,

Slace the data points which provide for electrical conductivity
information are within a limited interval of the overall waveform,
it 45 orfren desirvable to expand a specific reglon of the waveform
on the scope inp order to better uaderstand and wmore accurately
chacse the important data poiants. TFor example, referring to Figure
(5=1), 1f a region from the 200th to 400th data points of the hori-
aontal! coordinate and 60 to 100 Hz of the vertical coerdinate are
rodisplayved, the resulting expanded wavetorm occurs as shown in
Figure (4-2). The relationsiip of the criginal values of data,
frequency, time and the corresponding values on the scepe are pro-
vided in Table 2. Tdentification of a waveform segment requires
nurbering all of the data points in sequential order. The numerical

characters (from @ to 9) are also displayved on the scope and ace

constructed using discrete dots on a 5 x 7 grid as shown in Figure

(4=3).
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4.4 Data Processing

According to Eqs. (2-5) and (2-6), the electrical conductivity

information is obtained from the values of (df/dt) and (df,/dt)

CAL
DATA which are the slopes of specific regions of the calfbration

and data waveforms, respectively. The slopes are obtained by fit-
ting a one-independent variable equation, {.e., a straight line, to

the designated data points of the waveform. The equation is ex-

pressed as follows:
f=At+8B (4-1)

where f is the frequency in Hz, t {s the time in seconds, A is the
slope of the straight line in Hz/second (which is also the value of
(df/dt)) and B is the intercept in Hz. The straight line generated
by this equation is also displayed on the scope to assure that it

fits within the specified tolerance. Special techniques for deter-

mining a least-squares straight line fit to the data are presented

in Section 5,

4.5 Timing Data

The related real time (refcrenced to the payload's launch) at
which a data waveform is scaled can be obtained by accumulating the
interval for all of the data pulses. This time information is impor-
tant in later determining the payload's altitude from radar data,
which are also usually referenced to launch time.

There are three possible cases to consider in converting the

number of counts of data to the value of real time. If the number

ki
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of counts of a data point is less than 32.76710 (0777778), the real

time (Tr) for Lhié data point is simply accumulated as follows:

N
T, ™ “Tao000 " Th (4-2)

where Tb is the real time accumulated before this data point, N is
the number of the counts of this data point. If the number of counts
i{s greater than 32,76710 (0777778) and less than 65.53510 (1777778),

the real time for this data point has to be expressed ac.

(65,536 + N) o
v 100,000 " T (4-3)

If the number of counts is greater than 65,535m (1777778), the
data acquisition system generates a particular v. lue (-10010), which
is stored before the index number in order to be easily recognized

and the index number "I" is transferred to the real time as follows:

Tr = 0.6553510 X (-1, + Tb (4-4)

where the index number 1 is stored in the data acquisition system
as a negative value. The time determined by accumulating the data
counts s estimated to be within 1% of the actual time value, which

is considered satisfactory for a subsonic experiment,

T —— TEPUUHE ..
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SECTION 5

CURVE FITTING TECHNIQUES

This section discusses a method of fitting a straight line
equation to a mass of data [Daniel and Wood (1971)). The method for
determining a straight line fit should use all of the relevant data
in estimating each constant of the equation, have reasonable economy
in the number of constants required, provide some estimate of the un=-
controlled error and give some idea of how well the final equation

can be expected to predict the response.

5.1 Linear Least-Squares Method

The most popular method of fitting an equation to a mass of data
s the least-squares method. This method finds the values of the
constants in the designated equation such that the sum of the squared
deviatfons of the observed values from those predicted by the equation
1s minimized.

From the data pairs (t fnZ) of

nl’ fnl>’ (tn1+1' fn1+l)' ""(th'

the specified region of the waveform (see Figure (5-1)), there are four
assumptions about the relationship betwecen the observed value of the

Independent variable t, and the observed value of the dependent vari-

.

able f1 for determining a straight line y = A x + B to fit the data:

1. There is a linear relationship between the predicted value of

a response y and the value of the independent variable x
y=AXx+B (5-1)

where A is the slope and B is the intercept.




Yorfl 2

Xort

Figure (5-1) Confidence Pegion of Least-Squares Estimates
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2. The observed value t‘i =¥y + ", A Xy + B + ei. vhere e1 is
the random error.

3. The random error e, has the following properties:
1) The expected value of ey is zero and the observed f1 is

an unbiased estimate of Yy

2) The variance of ey remains constant for all values of Xy
3) The e, values are statistically uncorrelated.

4. The observed values of the independent variable are measured
without error. All of the error is thus in f1 and none is in
the ti's.

Therefore the lincar least-squares estimates for a straight line

are those values of A and B which minimize the function as follows:

n2 n2 n2
Q= e 5 et (£.-Ax, -B)>
i=nl i=nl i=nl

From the above assumptions, there is no error for the independent

variable t, and hence, X, = t,. Thus we obtain

i i i
n2

Q= Z (f1 - At, - B)2 (5-3)
i=nl

Upon setting
n2
% o
A 2 (f1 - Ati - B) (—ti) a0 (5-4)

{=nl
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and
n2
89 _ L X 1Y (s ;
5 = 2 (fi At, - B) (-1) = 0 (5-5)
i=nl
then
n2 n2 n2
2
B z t, +A Z € - z ';if1 (5-6)
i=nl i=nl i=nl
and
n2 n2
BN + A Z o v Z £, (5-7)
i=nl i=nl

wiere ¥ = (n2 - nl - 1), which is the total number of data points in

the above equation.

Hence
n2 n2 n2
PR
{=nl i=nl i=nl
A n2 n2 n2 (5-8)
2
Sa-3L S
i=nl i=nl i=nl
and n2 n? n2 n2
2
&2&' Zttfizti
y m i=nl Jd=n1 i=nl . Je=nl (5-9) :

l:nl 1-'“1
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Thus, the predicted value Yy is a function of the known data pairs

<t1' fi) only and can be expressed as follows:

= + =
yy=Ax +B=Act +B

n2 n2 n2
e T

i=nl i=nl {=nl

n2 n2 n2 ti
2
2 2a T
i=nl i=nl i=nl

(5-10)

~

ZZZZ

{=nl i=nl {=nl} 1-n1
l{z n«.
2
T3
isnl i-nl

Finally the straight line y = A x + B {s derived in which the slope

A 1s the value of (df/dt) (df+/dt) or (df_/dt) in Eq.

CAL® DATA DATA

(2-5) or (2-6).

5.2 Confidence Region

The digital data acquired from magnetic tape in general contain
some unexpected noisy data. Therefore a confidence reglon is defined
by an appropriate factor which corresponds to the error between the
observed value f1 and the predicted value Yy of the fitted equation.
According to Figure (5-1), the confidence reglon {s between the two

strajight lines L1 and L2 for which every point can be expressed as
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follows:
AL I T T (ifiii
9. . - - -12
L2t v, ¥ (

vhera e, is the value chosen to define the confidence region. For

the jth data point within the specified region of the waveform, the

error e, between the predicted and observed values is

(5-13)

If ej > e, obviously the jth data point (such as (tn3’ fn3) in

Figure (5-1)) is classified as a noisy data point and is not included

in Eqs. (5-2) through (5-10), Therefore, the error caused by the

unexpected noisy data point is eliminated.

5.3 Residual Root Mean Square

The residual root mean square is computed to determine how well
the final equation can be expected to predict the response. The value

of the residual root mean square is expressed as

n2 1/2
RRMS = » (v, - )2 (5-14)
N ¥y i
]
i=nl

131,32, 00

where the {lth, j2th,... data points are not included {n Egs, (5-2)

through (5-10) *o obtain A and B of Eq. (5-1). The final nunmber of

total data noints N of Fas. (5-8) and (5-9) {s always less than or equal

to N.
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SECTION 6

DISCUSSION AND CONCLUSIONS

6.1 Electrical Conductivity Measurements

The computerized reduction system, as described in the previous
sections, was used to reduce hlunt probe electrical conductivity data
obtained from a rocket experiment launched at 1230 MST on September 28,
1976 from White Sands M{ssile Range, New Mexico. This particular rocket
experiment was conducted in conjunction with the STRATCOM VIIA balloon
flight launched from Holloman Air Force Base, New Mexico. The dots in
Figure (6-1) represent the conductivity values obtained using the re-
duction program. Smooth curves have been fitted to the data.

Abcve 40 km, the profiles diverge with the negative conductivity
values larger than the corresponding positive conductivity measurements.
In this region, the negative charge particles are generally more mobdile
than the positive ifons. Below 40 km, the positive and negative conducti-
vity values for the same altitude are comparable.

The pulses in Figure (6-1) represent conductivity values resulting
from manually scaling the demcdulated waveforms (see Figure (2-3)) to

obtain the values of (df, /dt) and (df/dt)cAL. This is the procedure

DATA
formerly used for reducing electrical conductivity data [Hale and Hoult
(1965); Mitchell (1973)].

It {s also {mportant to note that the computer reduction method
has expanded the altitude region over which the conductivity data wave-

forns can be reduced. At higher altitudes where the slopes of the data

waveforms are the largest, {t {s very difficult to manually scale them

I e St
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from the strip chart. Also, the response times of the data demodulation

system and the strip chart recorder can introduce possible errors. At 1
lover altitudes where the data waveforms' slopes are very small, it is
also very difficult to manually scale the data. By using the computer-

1zed scheme to reduce the data for the September 28, 1976, blunt probe

experiment, values were obtained for the electrical conductivity in
the 25 to 70 km altitude region where this parameter is observed to
change by approximately four orders of magnitude.

Another check of this reduction scheme is to compare the results
of the rocket flight with the data from the STRATCOM VIIA blunt probe
experiment, which are shown in Figure (6-2). Included in this figure

L are the smooth curves for the rocket data in Figure (6-1) and the bal=-
loon blunt probe values obtained from 1100 to 1800 MST on September
28, 1976, while the balloon slowly descended from 39 km to 19 km. The

balloon data format made it more suitable for reduction by manually

scaling the waveforms from a strip chart. Again, very good agreement
was observed between the two sets of data. This hopefully suggests
consistency between both the data rednct!lon procedures and the exper-

iment techniques.

6.2 Conclusions

A computerized svstem usinp the DEC PDP 11/10 minicomputer and
assoclated peripherals has been developed for reducing subsonic blunt
prohe and Cerdien condenser electrical conductivity data. Assembly
Language and FORTRAN IV programs were written under the DEC RT-11

operating svsten to perform Jdata digftizing, acquisttion, storage,
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display, processing and printing out the results. Interaction witl ti.c

system is necessary for interpreting the data waveforms and for choosing i

the particular segments of the waveforms to be scaled.
The electrical conductivity values determined by using this tech-
nique on rocket blunt probe data were found to be consistent with the

values obtained by manually scaling the data wavelorms. In addition,

the enhanced accuracy of the computerized system makes it possibie to

scale the data over a larger altitude region, i.e., a wider ranne of
values, than was found possible using the manual technique,

In the future, a noninteractive system using a microprocessor
with a minicomputer on-linc to handle the data acquisition and process-
ing simultaneously would provide a substantial savings in the time
required for data reduction. Implementation of such a system, however,
would require considerable attention to developing the computer so:it-

ware for interpreting the probe's current-voltapge response.




48

REFERENCES

Baker, D.C., and L.C. Hale, D-region parameters from blunt probe
measurements during a solar eclipse, Space Res. X, North-
Holland, Amsterdam, 712, 197Q.

Conley, T.D., Mesospheric positive fon concentration mobility and
loss rates obtained from rocket-borne Gerdien condenser mea-
surements, Radio Sci. 9, 575, 1974,

Croskey, C.L., In situ neasurcments nf the mesosphere and strato-
sphere, Scientific Report No. 441, Tonosphere Research Labora-
tory, The Pennuvlvunil State Unlvvrsity. 1976.

Croskey, C.L., L.C. lale,and S.F. Lieden, Results of fonization
measurements in the middle atmosphere, Space Res. XVII, in
press, 1977,

Daniel, C.T., and F.S. Wood, Fitting Equations to Data, Wiley-
Interscience, New York, 1971.

Farrokh, H., Deslgn of a simple Cerdien condenser for ionospheric
D-region charpged particle denstty and mobility measurements,
Sclentitic Report No. 433, lonosphere Research Laboratory,

The Pcnnavlvanld State lnlvo\vltv. 1975,

Hale, L.C., Parameters of the low ionosphere at night deduced from
parachute borne blunt probe measurements, Space Res. VIT,
North-Holland, Amsterdam, 140, 1967,

Hale, L.C., Positive fons in the mesosphere, Space Res. XIV,
Akademie-Verlag, Berlin, 219, 1974,

Hale, L.C., and D.P, Hoult, A subsonic D-region probe theory and
tnstramentation, Scientific Report No. 247, lonosphere Research
Labovatory, The Pennsvlvania State Unlvvlbltv 1965,

Hale, L.C., D.P, Hoult, aund D.C. Baker, A summary of blunt probe
theory and expericental results, Space Res. VIII, North -
Holland, Amstovdam, 320, 1908,

Hoult, D.P., Deregion probe theory, "_'_}E‘.‘,“"“ﬁ.‘...&.‘.‘i'__74,0' 3183, 1963,

LPSI1 Laboratory Peripheral Svstem User's Guide, Digftal Equipment
\.\rpm.\tiun. Mavnard, \‘\\ndlh\l‘\l‘t("‘ 1973,




49

“itchell, J.D., An experimental investigation of mesospheric ioni=-
zation, Scientific Report No.416, lonosphere Research Labora-~
tory, The Pennsylvania State University, 1973,

‘itchell, J.D., and L.C. Hale, Observations of the lowest ionsphere,
Space Res. XIII, Akademie-Verlag, Berlin, 471, 1973.

Mitchell, J.D., L.C. Hale, and C.L. Croskey, Electrical conductivity
measurements in the stratosphere using balloon and parachute~
borne blunt probes, To be presented at the XXth COSPAR meeting,

Tel-Aviv, 1977.

Mitchell, J.D., L.C. Hale, R.O. Olsen, J. Randhawa, and R. Rubio,
Positive ions and the winter anomaly, Radio Sci. 7, 175, 1972,

Hlitchell, J.D., R.S.Sagar, and R.0. Olsecn, Positive ions in the
middle atmosphere during sunrise conditiens, Space Res. XVIT,
199, 1977,

Olsen, R.O0., Private Communication, 1977.

Glsen, R. 0., J.D. Mitchell, and C.L. Croskey, Temperature and elcc-
trical conductivity measurenents at a high latitudc site during
a period of auroral activity, FOS Trans. 57, 301, 1976.

TDP 11-04/05/10/35/40/45 Processor Handbook, Digital Equipment
Corporation, Mavnard, Massachusetts, 1975

T ——

PDP 11 Peripherals Handbook, Digital Equipment Corporation, Maynard,
Massachusetts, 1975,

Pedersen, A., Measurements of icn concentrations in the D-region of
the ionsphere with a Cerdien condenser rocket probe, FOA 3
Report A607, Research Institute of National Defense, Stockholm, i
Sweden, 1964, f

i

Rose, G., and H.U. Widdel, Results of concentration and mobility
measurements for positively and negatively charged particles
taken between 85 and 22 km in sounding rocket experiments,
Radio Sci, 7, 81, 1972.

RT-=11 System Reference Manual, Digital Equipment Corporation, Maynard,
Massachusetts, 1975.

Sagar, R.S., A subsonic Gerdien condenser experiment for upper at-
mosphere research, Master's thesis, The University of Texas at

El Paso, El1 Paso, Texas, 1976,




50

The Meteorological Rocket Network Document 11-64, White Sands
Missile Range, New Mexico, 1965.

Zimmerman, L.E., Integrated circuit electrometer and sweep circuitry
for an atmospheric probe, Scientific Report No. 376(E), Iono-
sphere Research Laboratory, The Pennsylvania State University, 1971.

e e e e

e —— ey




— e e— -

51

APPENDIX A

USER'S MANUAL ‘

This section was written to assist the user in interfacing the
system, using the software programs and obtaining the results. ﬂ
Al. Data Acquisition System
1) Equipment

1.1 DEC PDP 11/10 Minicomputer

1.2 Real-Time Clock of LPS1l Laboratory Peripheral System

1.3 HP3960 Instrumentation Recorder (or equivalent)

1.4 ©LA36 DEC writer II

1.5 Dual trace Oscilloscope

2) Instructions

2.1 Connect the output terminal of the data channel of the HP3960
Instrumentation Recorder to both of the input terminals of
Schmitt trigger 2 of the LPS11 Real-Time Clock and channel
1 of the dual trace oscilloscope.

2.2 Connect the output terminal of Schmitt trigger 2 of the

LPS11 Real~Time Clock to the input terminal of channel 2 of

the dual trace oscilloscope,

2.3 Set "-Slope" of Schmitt trigger 2.
2.4 Adjust the level of Schmitt trigger 2 until it fires in the
correct position as observed on the oscilloscope.
3) Software Program Usage
3.1 Input "R NEW102" to the console of the LA36 DEC writer II,

3.2 Input the value of the number of blocks for every buffer to

the console.
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3.3 Input the values of the times of transferring data from

memory to the disk to the console,

A2. Wayveform Segmentaticn and Restorage

1) Equipment

T T T T S T Y s e

1,1 DEC PDP 11/10 Minicomputer
1.2 Display Control of LPS1ll Laboratory Peripheral System

1.3 Tektronix 603 Storage Scope

1.4 LA36 DEC writer II

2) Software Program Usage

2.1 Input "R NEWS00" to the console of the LA36 DEC writer II.
2.2 Find the data at the launching of the rocket. Input "3"
to the console.

2.3 Find the data between the launching and the separation of the

payload from the rocket. Input "4" to the comnsole.

2.4 Find the data at the separaticn of the payload from the
rocket. Ipput "5" to the console.

2.5 Input the values of the number of blocks for every buffer,

the total number of blocks of the input data file and the

total number of segmented wavetorms, respectively, to the i

console.
A3. Data Processing
1) Equipment

1.1 DEC PDP 11/10 Minicomputer

1.2 Display Control of LPS11 Laboratory Peripheral System <
1.3 Tektronix 6023 Storage Scope

l.4 LA36 DEC writer 1I




2) Software Progran Usage
2.1 Input "R NEW900" to the console of the LA36 DEC writer 1I.
2.2 1Input the sequential number of the first waveform to be
processed to the console.

Input "1" to the console for expansion of the specific region

of the waveform.

Input "2" to the console for obtaining the positive electrical

conductivity.

Input "3" to the console for obtaining the negative electricai
conductivity.

Input "4" to the console for the processing of the other
waveform.

Input '5" for terminating the data processing and printing out
the results.

Input the sequential numbers of the first and last data points
and the tolerance of the frequency to the console for obtaining

the electrical conductivity.




B |
:
i
il
]

54

APPENDIX B

FLOW CHARTS OF MINICOMPUTER (RT-11) PROGRAMS

Bl - Flow chart of data acquisition.
B2 - Flow chart of waveform segmentation and restorage.
83 - Flow chart of data processing (using a least-squares method)

and printing out the results,
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< Start ’ !
b CALL TTIN Disable the !
:} interrupt

Initialize lgput'from l
DECwriter
variables

Double-buffer
for data
storage

Transfer ASCII
codes to nu=~
merical values

Set up address and
priority of inter-
rupt routine

Write data
into Disk

Define file
and reserve
buffers

1

et e B

ause interrupt
Set the mode’ rate '___—_—:

and interrupt enable
of Real-Time Clock

Store the num-
ber of counts

: - (and passing
time if neces-
sary)

o yes

Store the
passing time

e ————

e W AT PN

BB  Samdy
-

Bl. Flow Chart of DPata Acquisition
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CALL TTIN
Input
data from
Disk
Initialize Variables
and Define I/O
data files
not necessary for calibration data
Display horizontal
CALL GRIDY :::::> lines and numerical
characters on scope
Display data,
CALL DISP :> vertical lines and
numerical characters
Input re- on_scope
display
R CALL TTIN 2

next
@:

::: separation

between launch

launch

and separation

@

Time reference = 0

-

0,

4

CALL TIMEX

Determine the
passing time

CALL TIMEX

=>
:::i:> Determine the

real time

=

B2. Flow Chart of Waveform Segmentation and Restorage




CALL CMPRI1

1

CALL

CMPR2

CALL

CMPR3

G

Writ
into

e data
Disk

Fi

nish?

APPENDIX B

b

O

b

no

Look for the beginning part of the
waveform, reserve data points in
buffer, input data from disk if nec-
essary

Look for the central part of the wave-
form, reserve data points in buffer,
input data from disk if necessary

Look for the beginning part of the
next waveform, reserve data points in
buifer, input data from disk if neces-
sary

B2,

Flow Chart of Waveform Scpmentation and Restorage

ol R s it s
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{ Start ’

Initialize vari-

ables and define Print out the
files results

through

@7 DECwriter
< Exit >

Input data
from Disk

CALL CHECK :>

CALL GRIDY

CALL DISP

next positive conductivity
3
exit negative conductivity‘_O 3
( : }-:——f 4

PO

expansion
* Display the expansion J
CALL YEXPD __..: > .

s of vertical axis f
i

Display the expansion of
CALL XEXPD :> horizontal axis and the :
waveform i

B3. Flow Chart of Data Processing
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APPENDIX B

Use least-square method to find
the slope of the specified linear
CALL SLOP1 ::i:> region of the waveform and the

designated time interval, remove
the spurious noise, display the
fit straight line on scope

()

Use least-square method to find
the slope of the specified linear

x ::i:> region of the waveform and the
CALL SLOP2 designated time interval, :emove
the spurious noise, display the
fit straight line on scope

peei(a 3 (et

@___

B3. Flow Chart of Data Processing
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APPENDIX C

MINICOMPUTER (RT-11) PROGRAMS

This section gives the source programs which are run on the PDP
11/10 minicomputer. These programs are constructed either by link-
ing groups of Assembly Language programs or by linking Fortran
programs with Assembly Language programs. The object modules of the
main programs and subroutines are linked as shown in Appendix Cl, and
all the texts of the programs are listed in Appendices C2 through
C23, The fEEEEiggg of the source programs are listed as follows:
NEW102 - Program for digital data acquisition.

NEWS00 - Program for waveform segmentation and restorage.

NEW900 - Program for data processing (using the least-squares

method) and for printing out of the results.
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. R LINK
*NEN1Q2<INENL1QQ, NEW1OL

R LINK

ANENSOQCNENLQQ'C

A*NEN101./C
*NEWIL1Q, NEWIZQ. NENIZQ, NEWZ4Q.'C
*NEN40D, NENS2Q, NENSS$O,'C
*NENZ40, NENZSA

R T e TR N TR AT AT

s

. R LINK

*NEWSQOCNENEOZ.'F. T

*NEN810/0:1,C

*NENB2S.'0. 2

*NEWS4S./0:2.'C

*NEN310. NEWZZO, NEWZI XD NENZSQ. 0 3,.C
*NENIL1S, NEMI2S, NENIIS. NENZSS. NENZSS,'0. 2

£
I

1
i
;
I
L
k
LS
;
f
L
¥

e s

rrs

Cl -~ Source Programs
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APPENDIX C

. CSECT
k) .TITLE: NEMW1GQ. MAT
: . GLOEBL MAIN.TTIN
LPSCKS=170404
LFSFEE=470406
.MCALL .. V2 ., REGLREF, FTTCH..  ENTER,. WRITE,. CLGSE
MCALL FRINT.  EXIT

L NE
. REGDEF
MAIN . .PRINT #MSGH , PFRINT QUT CONTENTS OF MSG1
JSR FC,TTIN .RECEIVE [ATA FROM DECWRITER E
MOy WOATAIN, F2 , SET UP R2 WITH ADDRESS f
MO (R2y+, BLOCKL , MOVE DATA TO BLOCKY b
MOV (F23+, CYCLE i MOVE ORTA TO CYCLE if
CLR F1 i RL=Q 4
CLR k2 ,RZ=0 5
CLR [ RS = f
CLR RS i RS=0
CLR ELOCKZ ; INITIALIZE ELOCKZ MHITH ©
MOV BEERY. RRDZY , SET UP ADDRESS AND FRIORITY
MOV HI40, @EHIZE . LEVEL OF INTERRUFT ROUTINE
MU_TI.  ALD Ba00. FC s RI=2SERELOCKL
ING Rl , INCRERSE R1 BY 1
CHF ELOCKL, RL S RL=ELOCKL?
ENE MULTI . NQ. REFERT ADDING
MOy R3, LREC ,YES. RI=LREC=2S6*ELOCKY
_FETCH HHNDR, WNAME i DEFINE FILE
CENTER  BAREFR. W1, BNANE, #-1 )
CPRINT  #MSG2 ,FRINT QUT CONTENTS OF MSG2
SUE BLOCKL. ELOCKS S INITIALIZE EBLOCKZ
MOV REUFFL. 1 ; GET UF R1 NITH ADORESS
MOV R1, R4 ;SET UF R4 WITH ALDRESS
,SET UP ENTERNAL INTERVAL
, FROM TEFQO BRSE., FREQUENCY
: ,BEING 100 KHZ, INTERRUFT
2 , ENRELE. CLOCK ENRELE
' START . MQOY #1505, LFSCKS ,NAITING LOOF FOR INTERRUPT !
INC R2 i SET UF INDEXN OF REAL-TIME j
CHP HETLZO. RS ,BY THE INSTRUCTION TIME :
BGT WALT ,OF THE WARITING LOOF ;
DEC S ;RS DECRERSE BY 1, REAL-TIME ‘
CLR R2 s PASSED 23. 2¢28, 248+E-6 SEC
MATT CHP #o, RO . IF F3=0, BUFFEF 1S FULL
BLT START CNO, DO NENT
CLR LFECES JVES, CISAEBLE THE INTERRUPT
CMP F4, BEUFFL , DOUELE-EUFFER METHOD
ENE ALFHA L R4 FOINTS TO BUFFL™
MOV BEUFFZ, 1 S YES RL FOQINTS TO BUFFR

C2 - NEWIOO.MAC, Main Program for Data Acquis{ition




ALFHA
STORE

EETR
GHMMA

SERV.

OMEGH

FINISH

M5GY .
MSG2
M5G3.

MSGY

ELICKY .
ELJCKZ.

CYCLE.
LREC:
FRER
NRME :

BUFF1 .
BUFF2:
HNDR=.

ORTAIN
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R STOFRE

Mo WEUFFL, RY s NOCRY FOINTS BUFFL

ALD BLOCKY, BLOCKE » SET P BLOCK FOR THE FILE
MOy LREC, k2

HEITE #AREA. #1. R4, RI, BLOCKE i TRANSFER [RTH FRONM
CHP Fd4, BELUFFYL s MEMORY TO DISK

ENE EETA R4 FOINTS TO BUFF17
Mnav BEUFFS, R4 sYES, R4 FOINTS TO EUFF2

BER GHMMA
pay HEUFFL, kY NGO, R4 FOINTS TO BUFFY
CFRINT  BMEG2 s FRINT QUT CONTENTS (OF MEGS
DEC CYCLE + STURE ONCE
ELE FINIZH
JMP STHET
CHF Bo. RS  INTERRUFT SERVICE ROUTINMNE
EEQ COHEGH
MOV #-100 , (L) + » SAVE THE CQOUNT NUMEBER RND
Mmov FSOCRL Y+ 5 TIMING IMDEX IF NECESSARY
SUR WL RZ » THO [ATA FTS FOR TIMING INDEN
CLR ES » FESTORE RS TO @
Moy LFRSFES, (RLY+ s SAVE N0, OF COUNTS
CLR R i RESAVE RS TO @
LEC (e » STORE ONE [HTAR FOINT
RTI s DISMISS INTERRUFRT
CFRINT  BNSGY » PEINT QUT CONTENTS OF MSGH
. CLOSE - #1 » CLOSE CHANNEL @1
JERLT
CRASCISANG. OF BLOCKC J=&8 X NUO, OF CYCLES™
. EVEN
CASCIZABEGIN THE [ATA RCOUISITION! '/

EVEN
CRECIC/STORE €400 DATA FOINTSS

EVEN
JHASCIEAFENTISH Y ¢
. EVEN
. HORD o

. WORD (4

. WORD (4

. WORD (4

ELKK 9
CFRARSOADE SHIHSODAY S » URTA STURED IN DISK RS THIS
EVEN + FILE-MHME

. BLKW 14400
CBLKW 14a00

CSECT TELETT

CELMM 40 LORYH TEANSFER FROM “TTINY
- CSECT
. END NAIN

C2 - NEW100.MAC (Continued)
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- ESECT
TITLE ASCIZ CORE TO DECIMAL VALUE
.GLOEL TTIN

| MCALL . .\Z....REGDEF,. TTYIN . .
| N |
. REGDEF |
§ 1TIN. nov RE, =(SF) i FUSH R@ ON STACK ¥ i
1 MoV Rl, =CSP) i FUSH K1 ON STRCK - |
| MO K2, =(SFD »FUSH RZ ON STRCK i
MOV FI,=SPY ,FUSH R3 ON STACK |
MoV R4, =CSF) i PUSH R4 ON STARCK |
MOy RS, =CSR) s FUSH RS ON STACK I3
MOV WTEMF, R2 » INITIARLIZE R2 WITH RDDRESS |
INLOOP: . TTYIN (R2u+ , INFUT DATA FROM DECWRITER 3
EICE Wo00, RO s IN ASCIZ CODE, CLERR UPFER BIT %
CMFPE #1S, RO ;" CR’ ENDS INFUTTING DATR ‘
ENE INLQOF i
| nov RDATAIN, RS INITIALIZE R4 WITH ADDRESS ,
: CLR F1 ,R1=0 i
PELTA. CLR CRa+ ; CLEAR CONTENTS OF R :
INC k1 ’
CHE oo, FL , CLEARR 2@ WORDS i
EMNE LELTH
Mo ROATAHIN. R4
CLR FO i
Moy #TEMF, RZ ¢
CHFB CREY, 812 ;B "LF' LEFT?
ENE LOGF® ,
INC Re : i
LOOFB. CLR FL s TRANSLATE ASCIZ CODE TO
L LECIMAL NO. AND STORE RESULTS
; IN THE LOCATION OF DARTRIN
LOOP1 CLR kS
CLR k3 :
EICE BI00. (RID ; CLEAR UPFER TWQ BITS 4
! CMFE 1S, (F2) iA “CR’ FROM DECWRITER? ﬁ
ENE AGAIN L NO, GET NENT DATA i
now B1OO, RO s YES, FINISH INFUY ;
EF LOUFZ » ERANCH TG LOOFX ;
AGATN CHFE BSY, (K2 A ‘.’ FROM DECWRITER? ;
EEC LOOFS YES, ERANCH TO LOOF3 3
CHP "o, FL . NO. RL=0" |
ENE LGOFZ . NO, ERRNCH TO LOQF2 |
EICE WED, (RO S NOL SUBSTRACT DATA EY €0
MOVE (R2y+. RY , MOVE DATA TO RY
BR LOGF1 CEFANCH 10 LOOFL
LOOF2.  ADD FL,FS ,MULTIFLY EBY 10 .

C3 - NEW101.MAC, Conversion of ASCII Codes to Numerical Values




LOOPZ:

QuT:

TEMP .

CATAIN:

INZ
CMF
ENE
RICB
CLR
MOVE
RDD
BR
MGy
CHMF
EEQ
INC

\' H P
MOy
MG
Mo
Hav
Moy
MOV
RTS

. BLKHW
. EVYEN
. CSECT
. BLKNW
~ESECT
. END

APPENDIX C

R
#12,R23
LOOF2
#3660, (R2Y
k1
(Rer+, RL
kS, k1
LOOFL
Fi, (R4>+
#100, RO
our

ke

LOQF®
(&F Y+, RS
CSPY+, R4
(SP+, R
CEFY+, RE
(SFa+, R
CSP+, RO
FC

40

TELETT
40

TTIN
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; INCREASE R3 BY 1
sRZ=107

s NO, KEEF ADDING

i CLEAR UFFER FQUR BITS
; CLERR R1

; MOVE INPUT DATA TO Re
i ADD THE FREVIQUS ['ATA
; BERANCH TO LOOFL

s SAVYE RESULT

s FINISH?

; YES

» INFUT NEXT NUMERICAL NO.
; JMF EBRACK TQ LOCF@

, FOF STACK TO RS

, FOP STACK TO R4

,» FOF STACK TO R2

s FOP STACK TO R2

; FOF STACK TO RA

; FOF STACK TO RO

; RETURN

s SFECIAL LOCRTION FOR
s RESERVED INFUT DARTAR

C3 - NEW101.MAC (Continued)




. CSECT
.TITLE -
. GLOEL

. GLOEL
. MCRLL
. MCALL
s e
REGLEF
. MACRQO
CLF
CLE
ADD
INC
CHF
ENE
CENDM
MRIN . FRINT
JSR
May
Mo
. FETCH
LOaKUuF
. FETCH
ENTER
CLR
(LR
cue
RALFHA . HOO
RERDM
Moy
MOov
BETAR - JER
JSR
. FRINT
JSR
Moy
May
(Wl
FEQ
cne
ELE
MOy
MOV
cHe
EEQ
CELTR nov
MOV
ROD
ASL
A0D

66
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WRAVEFORM SEGMENTATIQON RNl RESTORAGE
MRIN, TTIN. GRIDY, DISF, CMFRL, CMFR2, CHFRZ
TIMEX, TIMEY
\'e. .. REGDEF,. FETCH., . ENTER, . LQQOKUP

. TTYIN, FRINT,. REACW, . NRITN, . CLOSE. . EXIT
MULTI A E s A=2SEB
(Y] +EACH BLOCK CONTRINS 2S¢
A » NORDS
#4030, A
kO
E. RO
. -14
#MSG61 +FRINT QUT CONTENTS OF MSG1L
FC.TTIN » CALL “TTIN’ FOR DARTR INPUT
BOARTRIN. RS s SET URP RS WITH RDDRESS
CRZ v+, BLOCKYL CMOVE DATA TO BLOCKL
BHNDRL. BNAMEL .DEFINE FILFE
BHREEAL. #1. BNARMEY + LOOKUF EXISTING FILE
BHNDFZ, #NAME S s DEFINE FILE
BHRERS. #0, BNAMNEZ, #-1 , ENTER R NEW FILE
TIMEL » 3ET UF TIMING REFERENCE
TIMES , EQUALS TERO
#4.BLOCHL CINITIARLIZE BLOCKL
#4, BLOCKL . TRANSFER DATA FROM DISK
HHSERL . 81, BELLFFZQ. #2000, BLOCKY
#0.FIFST cINITIRLIZE FOR DISFLAY
#oO00. LARST s INITIRLIZE FOF DISFLAY
FC,QRIDY yDISFLAY DRTA ON SCOFE BY
FC,DISF tFREUCUENCY VERSUS TIME
#MEGE (FRINT MESSHGE
FC, TTIN , CALL “TTIN’ FOR DATR INFUT
BLATHIN, RS » SET UF RS WITH RDDRESS
(REa+, B2 cMOVE INFUT DATA TQ RX
FI, 81 s RI=17
HL FHA s YES, REARD MENT 1024 [ATH
#d. Ko s RICe T
[ELTH YES. GOTQ DELTA
CRZYe, FIRST YES, INFUT [DATA TO FIRST
RS+, LAST s INFUT DARTH TO LAST
B, R3S s RI=2?
EETH » YES, RE-CTSFLAY SOME DATA
WELUFFZO. R4 .SET UF F4 WITH ADDRESS
Fd4,RS , RS=Rk4d
#4000, FS , RE=RS+2048
FIECT ,FIRST=FIFST#2
FIRST, F4 , R4=ALORESS OF FIRST DATA

C4 - NEW200.MAC, Main Program for Waveform Segmentation and Restorage
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GHMMA

FHI

ERSTIL:

THETH

MOIREL

MOKME 2

(ALUS

OMEGR

APPENDIX C
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CARdpE-L0 T

NCL GaTO FHI

FOINT TQ NEXT DHATR
SAVE [ATR TN TIMES
FINISH™

s YES

CREAL-TIME OF MWAITING LOOF

» SHVYE DATAH IN TIME4
, FEAL-TINE QF COUNTS
i FINISHT

RO GOTO GrliMA
YES, RI=47
NG

~

YES, READ NENT 4024 [LATA
FRINT MEZSAGE

sGRLL “TTEN FAOR-INFUT DATR
CSET UR RS WITH RADDRESS
SMOVE INFUT Y0 BELOCKE

ELOCKZ =07

P YES
» NG

LLEECS=28ERBLOOKS

~

LEECS. BELOCKYL
FROM DISK

s KEARD (ATR

y SET LECRLGGEKL
SET UF R4 WITH RUCDRECSS

Fo=a

(R == 00 7
v N
i YESFOINT TO NENXT

SHYE ORTH IN TINEY

CREAL-TINE CF WARITING LOCF

FRHES THQ LATR

y SAVE DAHTH OIN TIMEA4
s RERL=-TIME OF COUNTS
s RO=FRO+1

~

FINISH?

+ NO

YES. JUNF BROKN
SET RS "TINEL® AND ‘TINES

CFRINT MESSHGE

CFRINT MEZSSHGE

LCALL “TTIN' FOR ORTA INFUT
CSET UR FC MITH ADCORESS
CMOVE INFUT TO BLOCKS

PMOVE INFUT TGO TOTHL

L MOVE INFUT TO BLOCKS

CMGVE INFUT TO CYCLEL

ALRECL =SS BLOCK YL
CLRECS=0SEeBLUCKD

CHF GRS R-L00
ENE FH
nrob 2. R4
Mo R v+ TIMES
e F3.FS
EGE EFSIL
J5K FC, TIMEN
MO CRd o+, TINES
JIR BC, TINEY
ChE FOL RS
BLT Grthn
CHF (IR
ENE THETH
JHF GNEGQH
FRINT  #MIGQ
JIR FC.TTIN
MoV BUARTHINFZ
MO ¢ E20d. BLACKE
CHF #OLELOIRS
QED ML
Fole(e g4, BLOCK Y
MUL ™ 1 LEFCE: BLOCKS
FEARDH  BREERL. 1. BEUFZTL
SUE a4, BEL GG
R ELOCK S BLQCK Y
Moy BEUVFFL. R4
CLF F i
LHe R =100
ENE MUFE &
H{ o, R4
RIURY CFd 4, TINES
JSR BC, TIME.:
RIgY [ Y
nov CR3ve TINEY
JSR PC. TIHEY
IS R
(nr FOLLFECS
&L MCRE Y
JHF FLE A
s TIME FEFERENCE HRAS EBEEN
FRINT #NSG2
FRINT  #1ond
Tk FE-TTIN
Moy WORTRIN, B2
My (Fere, BLOOKS
MOV (R +, TOTAL
MOV (RaMe . BLUCK:
MOV cReE I LYCLEL
LTI LRECL, BLOCK S
MULTI LRECC. BELUCH Z
Moy HWEUFFL. F3

C4 = NEW200.MAC

LSET UF F4 WITH ADDRESS
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TRY:

FiNISH

MNRMEL .

MAHME 2 :
CYCLEL

APPENDIX C o

; TRANSFER DATR FROM [ISK TO MEMORY WITHOUT DISFLAY

ALD " #4, BLOCKY i SET UP NEW ELOCKL

. READN  WARER1, #1, R4, LREC1. BLOCKL s READ DATAH
Moy R4, RESERY SET UF RESER1 WITH R4

May k4, RESERY s SER RESERY WITH R4

CLR RESERS

s THE FOLLOWING FORYIQN OF THIS FROGRAM IS TQ STORE
s DATA EY CEFINITE NUMEER OF ELGCKS

FRINT  #MSGS : FRINT MESSAHGE
CLF BELOCKS sEBLOCKY=0
SUg BLOCKS, BLOCK Y s INITIRLIZE ELOCKY
JER FC. CMFPR ; FINI* BEGINNING FARRT
CHF #Z0OD, FLAG +ENDC OF FILE?
EEC FINISH s
JSR FC. CHMFRE +FIND CENTRAL FART
CHF #200, FLAG +END OF FILE?

BEQ FINISH s YES

JER FC, CHMFES s FIND BEGINNING FRART OF NEXT
CHF #2500, FLRG ; END OF FILET

BED FINISH i YES

AU ELOCEZ, BLOCKY » NOCSET UFR BLOCKY

s TRRANSFER DATA TC THE DISK
WETITW BRREARZ. B2, #BUFFX, LFECEZ, BLOCKY

CPRIKT  #MSG6E PRINT MESZRGE
REC CYCLEL P SHVYE ONE WAVEFQRM
BED FINISH sFINISH?
JHF TEY s NO.JUMF BACK
. FRINT BMSGT i FRINT MESSRGE b
.CLOSE #1 ; CLOSE CHANNEL 1
CLOSE & + CLOSE CHANNEL ¢
CERIT » FINISH!

CASCIZAHOM MANY BLICKS(=l24) NOT TO BE DISFLAYED?S
.EVEN
ASCICAHHAT 13 457 BLOCK OF SHIAGSO DAT TO BE RERDT/
. EVEN
CRASCIZASETIRCL Y PREDISFPLAYCZ X TLAUNCH, RFTERCI, SOTOK (4> 2/
. EVEN
.RSCIZASTART ['ATH FRQCESSING'S
. EVEN
CASCIZCABLOCK =247 TOQYAL ™ BLOCKZI(=72? CYCLEL 2/
EVEN
CRHESCIZA/SAYE COMFLETE WRVEFORMS FOR FROCESSING!/
CEVEN
CRSCIC/TRANSFER ONE CYCLE OF DATA TO DIEK'/S

. EVEN
CASCICAFINISH' '
. EVEN
CFADSOSDY SHIWSODART , WHERE [ATA STORED EBY 10@0KHZ
i 0F FREAL-TIME CLCOCGK .
FALSO/DN SHIHLODART, , ATA SAVED FOR FROCESSING
WOF [ o

C4 - NEW200.MAC (Continued)




AT L s

BLOCKZ .

‘ BLOCK Y
LREC2:
REER2
s HNDR1
HNTRZ .

DRTRIN:

YPOSE -
YROS52 -
NP5 3 ;
A

“WFD31 .
“wFOS2:
NFQsz
RIUALE
g

s
M
N
: MZ
RE]
NS
A Ne
N
NE .
N2
SFRCE.

ELUFFIN
FIRST:
LAST

FIRES
TIMEZ .
TIMES:

CRTHNO
RiKER]L
FLHG
LFECH
TCTRL .

BLOCKY .

! BLCCKS
FE<EFRL
FESEMS
FESERS

ARG Sy I ot 9= 5 L P TS st

CHGF
L MOED
MO
ELF N
BELEW
. BLEW
. ESEET
. BLEN
L e
. BLEN
ELb N
BLEN
CWOED
CSELT
CBLEW
CELEW
ELEMW
HGF [
HOR D
CERET
ENTE
CEYTE
L RERE
EYTE
EYTE
CBYTE
BEYTE
. BYTE
EYTF
CBEYTE
EYTE
. EVEN
CSECT
ELEN
HOE L
WOE [
CHECT
HOF[
HOR[
WOF[
CSECT
HQFR [
ELKK
HORD
WOF [
WOF [
WOk
HORD
WORD
WOF[
WOE

o A
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APPENDIX C

‘C’

0

]

oo
o
TELETT
G0
YURTA

, o ol

o

('HTH

V508 N 5

NUMBER
s el Bl o 1 T e

&R RS G A  e

C ISRt Qk 50 B I (RS B B O 8
RN PR PR S

SECTIGN FOR ARSCLZ
o GUEE B RECDMEL
» SECTION FOR Y-ANIS

CCECTION FOR X-fR1S

P SECTION FOR NUMERICHL

P  CHRRSCTERS
G.182. 177, 100, 0

Ly

8 o)

47108, 109, 105, 71

Fos it 118,010, 62

101, 48,2118, 7

3 S 8 (0 16 B I, G R I 1

LT 6 8 BT 6 8 T & i

0. a.0,0,0

SCOFRE » SECTION FOR DISFLAY
e % 4

CECONG
X

o

0
TUMFR
it

o

%

%

0

X

{

o

(4

CSECTION FOR TIMING

CSECTION FOR MRAVEFGEM
CSEQMENTRTION AND STORAGE

C4 = NIEW200.MAC (Continued)




70

APPENDIX C
RESER4: . WORD
\ BUFFS. .ELKN 1@ .
BUFF1: .ELKN 14006
* BUFF3: . BLKWN  3IS00
. CSECT §

. END MAIN

C4 - NEW200.MAC (Continued)

. CSECT
.TITLE NEKZS@. MAC ; CTIMELY, (TIME2)=@. €5535%
.GLOBL TIMEXN SABSCTIMES
JMCRLL ..V2..,.REGDEF
LN
. REGDEF
TINEN. MO K@, ¢Sk ;, FUSH R
MOy R, =(SPD ; FUSH R1
Moy Fo, =CSP) . FUSH RZ
MOV E3, =(SF) , PUSH RZ
May R4, =CSF) , FUSH Re
Moy RS, =(SF) ; FUSH RS
NEG TINE4 , TINE4=-TIME4
Moy TIME4, R4 . SET UPF F4 AS TIMES4
CLR R1 ,RL=0
CLR e (R2=0 4
cHE B, R4 P OCRY T t
ELT ALFHA i VES. i
Jiue our i NO. JUMF TO RETURN ‘
ALFHA: CMF SO L P4 ; SOLRA? ;
BLT MORE L i YES, i
BETR. ADD #ESS L, R ; R1=6SS+TINES
DEC Fd (R4=Rd4-1 |
CHF e, Ry p R4CQ7T |
ELT EETH ;YES,
Moy TIMES. k4 ; SET UP R4
GAMMA . SUB #1000, , R1 , TIMEL=R1/1000
INC TINEL
CHF #1000 , K1

C5 = NEW250.MAC, Determiration of Real Time from Waiting Loop
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BLE GANMA

Jne ETH |
ADD BESS. , R1 i (R2>. (R1)SESS*AESCTINES)

ADC R2 » DOUBLE-FRECISION

DEC R4

CHP 00, R4

BLT MCRE4

SUB #1000, , K1 s TIMEL=(R2). (R1>/1000

SEC k2 i DOUBLE-FRECISION

INC TiME1 i
chp #0, k2 i
BLT MOREZ |
cHP #1000, , RL i
BLE MORED 1
MoV TIMES, R4 ;SET UP R4 t
ADD R1, TIMEZ i SAVE RL TO TIMEZ

CLR R1

ADD #3S. , R i R1=3S*ABS(TINES)

DEC R4

cMe #e, R4

BLT MORES

SUB #1000, , R1 ; TINE2=(R1) /1600

INC TIMER

chp #500. , R1

BLE MORE 4

mov (SF)+, RS i FOP RS

Mov (SFY+, k4 ; FOF R4

MOV CSPY+, B3 ;POF R3

oV CSP)+, R2 ; POP R2

MOV (SPY+, R1 i POF R1

MoV (SPY+, RO i FOF RO |
RTS FC i RETURN |
. CSECT SECOND i SECTION FOR TIMING |

. WORD
. NORD .
. WORD |
. CSECT |
(END  TIMEX

C5 - NEW250.MAC (Continued)




TINEY:

ALPHA:

BETA:

GAMMA :

- DELTR.

NU:

FHI:

TINMEL:
TIMEZ2:
TIME4:

. CSECT
. TITLE
. GLOBL
. MCALL

ve...

 REGDEF

nov
MoV
MoV
Moy
Mov
MOV
Mov
CLR
CMF
BLE
Mov
8IC
CHMFP
BGT
SUEe
INC
CHP
BLE
ADD
CHFP
BGT
sue
INC
CHFP
BLE
MOV
Moy
MoV
mMov
MOV
MOV
RTS

. CSECT
. HORD
. NORD
. HORD
. CSECT
. END

APPENDIX C

TIME REFERENCE

TIMEY

.. ve. ... REGDEF

R@, =(SF
K1, =(SF>
'21 ":SF')
RZ, =(SF)
K4, -(SP
RS, -C(SP)
TIHME4, RS
R@&

#4, RS
BETH
B3ce. , RO

#100008, RS

850, , RS
FHI
#1089, , kS
k@
#50. , kS
GHMMA
RG, TIMEZ

#1000. . TIMES

FHI

#1000, . TINES

TIMEL

#1006, , TIMES

NU
(SPY)+, KS
(SF)Y+, R4
(SF')"“: F‘:\
(SPX+, R2
(SPY)+, K1
(SFY+,. RQ
FC
SECOND

TIMEY

OF 106K HZ

; PUSH RO

;i PUSH R4

;i PUSH R2

i PUSH R3

i PUSH R4

; FUSH RS

;s MOVE DATA TO RS
i Re=0

i RS<=07

; YES,

i NO, SET UF RO

; CLERR CARRY BIT
; SA>RS?

i YES,

; NO, R@=RS/100

;ADD RG TO TIMEZ
L100Q>TIMER?

: YES, FINISH.

i NO, TINEL=TINEZ/L1060

s TIME=TIMEL+TIME2,/1000
i FOF RS

; FOP R4

i FOF R3

; POP R2

; FOP R1

; POF RO

;s RETURN

s SECTICN FOR TIMING

€6 - NEW240.MAC, Determination of Real Time from Data
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CHPRA1 :

ALFHA:

BETA:

GRMMA :

DELTA:

EFSIL:

EFSILY.

. CSECT
« TEILE
. GLOEL
. MCALL
i el
. REGUEF
MACRQ
. PRINT
nowy
ADD
cne
EGE
JHP
. READN
CLF
. ENDM
MOy
nay
Mov
Mo
Mo
Mow
Moy
May
Moy
CLR
CLR
CLR
INC
CHp
eGT
JHF
Moy
SUB
CLR
May
INC
ChHE
ENE
NSEBUFF
CHF
BEQ
cne
BNE
Moy
cHP
ENE
Moy
ADD
ADD

APPENDIX C 73

BEEGINNING FORTION
CHIURL, TINEY, TIMEXN
o Me .,  REGREF, . RERDMN, . FRINT

NREUFF i MARCRO CALL FOR READING
#1501 s DATH FROM OISK
HEUFF1, Rg

ELOCKZ, BLOCKY

TOTHL, ELOCKL s TOTAL>SLOCKL?

. +6 s YES,END OF FILE

FIN1

WAFEARY. #1, k4, LRECT, BLOCK] i RESD
(oS s R3I=0

FQ, -CSF) ; FUSH R@

kL, =CSFY ; FUSH R1

R, =(SF) s FUSH R2

R3, —(SF) s FUSH KX

Fd4, =(SF) ; FUSH K9

RS, ~(SF) i FUSH RS

RESEFRL, R4 i SET UF R4

FESERZVRZ ; SET UP R3

8§42, DATAHNO i SAVE 1@ FTS FQR TIMING
TESTZ ; TEST:=9

TESTI ; TEST1=0

RESTE s TESTZ=0

IS s NEXT DATRA FOINT

R, LREDL ; END OF BUFFER?

GAMHMA s YES.GOTO GAMMA

EFSIL s NG, GOTO EFPSIL
BEUFFS, R SET UF R2 WITH ARRMDRESS

-

#Hon, R sFOINT TO FREVICQUS ADORESS
kS . SAVE & DATA POINTS OF
(R4Y+, (R ¢+ s FREVIOQUS BUFFER
kS
#10, kS
ELTA
s RERD DATA FROM DISK
#1, TESTZ i TESTS=17?
EFSIL1 YES, GOTQ EFSILYL
R4, RESERS4 ; R4=KESER4?T
ZETH » NO, GOTO CETH
Bl TESTZ ; TESTI=1
CRdD, B-100 ; (R4r=1007
OMEGR : NO, GOTO OMEGH
#1, TESTS s YES, TESTe=1
#2,R3 » FASS TWO RTA FTS
#e RS i FOINT TQ NENT FPT

C7 - NEW400.MAC, Searching for Beginning Portion of Waveform

Rt A e ) il T S




GMEGA :

ZETA:

THETA:

FHI .

SIGMA

FAPFA.

LANBDA

noy
JSR
CHMP
BLT
J M P
Moy
JSR
cHp
ELE
ARD
CMP
BEEQ
MoV
JHP
CMF
BEEQ
CHP
ELE
JHF
MOy
JMF
CMF
BLT
JUHF
INC
CHF
BEQ
JNE
Moy
CLR
Moy
MOy
CLR
MOy
RIGY
CHMF
ELT
SUE
ER

CLR
MOV
MOy
INC
INC
cHe
ENE
ASL
SUE
naw
INC
CHMF

APPENDIX C

(kd)+, TIMES
FC, TIMEN
R3, LREC1
GMEGA
GRMMA
(R4>, TIMEY
FC, TIMEY
80, (R4
THETA

#2, R4

#1, TESTS
RHQ

#L, TESTE
EBETA

#1, TESTZ
ETA

#1250, , (R4 +

FSl

HLFHA
#1.TESTS
EETA
#5500, , (R4 )+
RHO

ALFHA

TEST1

#e, TESTL
FHI

EBETH
BEUFFZ. FL
CRLY+
TIMEL, (R1x+
TIMEZ, CRL:+
(R1>+

R4, RESER1L
RZ, RESERE
Rz, 810
SIGMA

#20. R4
LAMEDA

kS
BEUFFS, RS
(R3¢, (R1)+
CHTAND

kS

#1i0, RS
KHFFA

S

P
R4+, (RL+
DATAND

R4, FESERL

+SAVE DATA IN TIME4
CALL TIMEX

BUFFER IS FULL?
NO, GOTO OMEGHA
YES, GOTO GAMMA
GET THE FERL TIME
CALL TIMEY
@{=(R4>7

YES, GOTQ THETA
FOINT TQ NEXT FT
1=TEST2?

YeS, GOTO RHO
TESTe=1

GOTO EBETH
TESTa=17%

+YES, GOTO ETA
FREQ. <&@ HZ?

YES, GOTO FSI

NG, GOTO ALFHA
TESTe=1

GQTO EETA

FREG. <111 HZ?
YES, GOTO RHO

+ NG, GOTO ALFHA
TEST1=TESTL+1
TESTL=27

YES. GOTO FHI

«NO, GOTC EBETAH

sSET UF RY WITH ADDRESS
i SAVE ONE @

STOURE TIMING [ATA
STORE TIMING DPATA
SAVE ONE @

SHYE R4

SHVYE R3

FRICET

s YES, GOTO SIGMA

s NGO, R4=R4-16

e e s e e e M e e W W B e %y

| e s e e

- -

Dot s e

-

GOTO LAMELA

RS=0

+SET UF RE WITH ADRDRESS
i STOURE & DATA FTS

i IN TEMFURARY EBUFFER

s RI=F3e2

R4=R4-R3

L STOFRE DATA FOINTS

; UF 7O CURRENT DATA FT
yNHICH FITS THE CRITERION

C7? = NEW4OO.MAC (Continued)
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AT R SN AR

FIN1:
QuT.

MSG1 .

TEST1:
TEST2:
TEST3:

CRTANQ:

RREAL
FLRG:
LRECY
TOTARL .

BLOCKY .
BLOCKH .
RESERL .
RESERZ.
RESERX:
RESERY:

BUFFS:
BUFF1:
EUFF3 .

TINEY] .
TINEZ:
TIMEY .

APPENDIX C 75

ENE LANELA : LOQF

JMF T s GDTO OUT
MOV W00, FLAG s SET UR FLAG
nay Ri, RESERZ

Mo\ CSPae, RS s FOF RS

MC\ (&FY+, RS s FOQF K4

MO\" (.SF'.\"U F: .F‘('F‘ "‘:3

MO\ CSFX¥, RS ; FOF RQ

Moy CSPa+. RY « FUF RY

Muy CSPY+, RO s FOF RO

RTS FC s RETURN

.RSCIZA/READ AT B

. EVEN

. NOR[ {

. NORD

. MORD Q

. CSECT TCMFPR , SECTION FOR WARVEFQRM
L MORD o s SEDMENTRTION AND STORAGE
CBLKHN S

CMORD @

CNORD 0

. WORD

CNQRD 1]

CNORD 0

CWORD (

L WORD (

CHORD 5]

. WORD

CBLEN 10

. BLKW 14000

CBLKKM 500

.C3ECT  SECOQND s SECTIOGN FOR TIMING
. WORD

. NORD

. HORD

. CSECT

END CMFF1

C7 = NEW40O.MAC (Continued)




CMRRQ:

RLFHA
BETA:

GRMMA .

DELTA.

EPSIL:

ETR:

KAFPA

WRREAL, 1, R4, LRECL. FLOCKNY

76

READN, . FRINTY

+MACRO CALL FOR RERDING
 FROM DLEK

s TOTALOBLOCKL
yYES, FINISH

s READ

s FUSH RO

+FUSH R1
. FUSH R¢
P PUSH R
cFUSH R
FUSH RS
SHYE R4
¢ SRVE R3
« JRVE RY
NERRT
v K= g
kS

P RL=RI4Y

yBUEFER FoFULLS
SYESL00T0O GRMMA
NO, GOTO ERSTL
SAVE R3

» SRVYE R4

CETORE CARTR POINTS

-

-~

3

CRI=RIeY

CLOOF

» RERD DATA FREOM DISK
(R4r==-100"

N, GOTCO ETH

FRES THO DATA FTS
LOTO NEXT DATA FT
CSRYE DATH OIN TIMES
«ORLL TINEN FOR TIMING

TR SRR A

JSRVE DATA TN TIMES
JOHLL TIMEY FOR TIMING
JRDELY

VES.GOTD KAFFR

CFRED. C8T WI®

CYEZ GOTO LRNEDR

O GUTO ALFHA

- ,mﬂ.

APPENDIX C
. CSECT
.TITLE CENTRRL FORTION
. GLOBL CMFRE. TIMEY. TIMEN
.MCALL .. VW2 ... REGDEF.
VR
. REGDEF
. MARCRQ  NNEBUFF
.FRINT  W#MSO1
MOV MEUFFL. R4
ROD BLOCK2, BLOCKY
CMF TOTRL, BLOCKNY
BGE e
JiE FIN1
. RERDNH
CLR RZ
CENCM
MOV FO, = (SF 0
MO R1, ~(SF
MOV R&: ={(SF)
MOy R3, =CSFD
Moy R, =CSF
MOV R&, =(&F
MOV RESERL, R4
MOV RESERZ R
Mo RESERY, k1
MO\ RZ:Ra
CLR £
CLR L)
INC |2
CHP BES. LRYDY
BGT GAtIA
JHE EFSIL
MQy FESERY. RE
MO RESERY. k4
MOy (kg e, (RL)e
INC LA TANG
INC k:
cHe FILOLRECL
BNE LELTR
MNNEUFF
CMF (R4 B=-100
ENE ETH
RO #a, R3
fOD < R4
noy CRANVS  TIMNEY
JSF PCs TINEX
MO\ CERA L TINES
JAR FC.TINEY
CMP LD
BEN ) HEFA
cne WLODU L GRd e
ELE LRIEDHA
JHE HLF R
tHp [ 3 WL B S S

» FRECQ. 9T H2?

C8 = NEWA20.MAC, Scarching for Central Portion of Waveform
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LAMBDR .

NU :

THU:

SIGMA:

FIN1:
ouT:

MSH1:

DRATANG
ARER1 ;
FLAG .
LREC1:
TOTAL :
ELOCK] :
BLOCKZ
FESER]:
RESERZ :
RESERZ :
RESERY .
BLUFFS .
BUFF1 :
BUFF3:

TIMEL:
TIME2
TIMEY .

|
|
APPENDIX C 1
i
|
?

77
EGE LAMEDA JYES, GOTO LAMBCA
JMFP ALFHSA i NG, GOTO ALFHA P
INC RS s RE=RS+1
CMF' “65 F\'S JRS=€")
BEQ Mu » YES, GOTO MU
JUF EETR s NQ, GGTQ BETR
che #1. RO s Re=17%
EEQ NU  YES, GOTQ NU
MOW #1, RO » NQ, Ro=1
JMP ALFHA ; GOTO ARLFHA
Moy k3, RESERS ; SAVE RESER2
MoV K4, RESERL ; SAVE KESER1
CHMP RESERZ, R s RESERI=R17
ENE TARU s NO, GGTO TAU
SUB [ s R3=R3-R2
ASL R3S iR3=R3»¢
SuUe K3, R4
Moy (R4>M+, (R1)>+ , STORE DHRTA FOINTS
INC CATANQ
CHF R4, RESERL s R4=RESER1?
ENE SIGMA ; NO, LQOF
JMF ourT ; YES. GQTO QuT
MOV #200, FLAG ; SET UF FLAG
Moy F1, RESERS ; SAVE R1Q
MOV (SFY+, RS i POF RS
Mo (SRY+, RY ; FOF R4
MOy (SFPY+,RY ;s POF RZ
Moy (SFY+, Re FOF R
Moy CSFY+, R1 s FOFR RY
Mo CSF+, RO FOF RO
RTS FC s RETURN
.ASCIZ/REAL AT &f
.EVEN
.CSECT TCHFR , SECTION FOR WAVEFORM
WQF D a i SEGMENTRTION RAND STORAGE
CEBLENW o
. HORC (1}
. WORD Q
HORD
WORD 0
NOFRD (4]
- HORD 1}
CNORD 1]
. WOED 1]
. MORD
CELKW 1a
BELNW 14000
. BLEN 2500
. CSECT  SECOND » SECTION FOR TIMING
. WOFD
. NORD
- WORD
< CSECT
. END CMFRC

C8 = NEW420.MAC (Continued)




CMFRZ:

ALFHA:

BETA:

GAMMA .

DELTR:

ZETAR:

. CSECT
.TITLE
. GLOEL
. MCALL
oo 2.
. REGDEF
. MACROD
. PRINT
Moy
ACD
CMF
EGE
JHF
READN
CLR
. ENDHM
Moy
MQy
Moy
Moy
Moy
MOy
May
MOV
Moy
May
CLR
CLR
INC
CHF
EGT
JHP
MOV
MOV
MOV
INC
INC
CMF
ENE
CLR
NNEBUFF
CHFP
ENE
RIAY
ACD
ALD
Mov
JSR
Mavy
JER

APPENDIX C

FINARL FQRTICON

78

CMFRI, TIMEY, TIMEX

.. V&, . ». REGDEF, .

NXEUFF
LLICHY
BEUFFL, R4

ELQCNE, BLQCKY
TOTAL, BELOCKY

. te
FINL

REARDW, . FRINT

» MACRO CALL FOR RERDING
s DARTA FROM DISK
s SET UF R4 WITH ADDRESS

i TOTALDEBELOCKL?
i YES, END OF FILE

WAREAL. #L, R4, LRECL, BLOCKY

SN
=

k@, =(SF
R1i.=-CS5F)
R:" ‘(SP:’
R3, =CSP)
Fd4, -(SFD
RS, =CSF)
RESERL, R4
RESERZ, K3
RESERZ, R1
R3, RS
TESTH
TEST?

R3

R, LRECY
GAMMA
EFSIL
RESEREZ. RZ
RESERL. R4
(R4 +, (R1>+
DATANG

k3

K3, LREC1
CELTH

kS

CR4), #-100
CETH

W1, TESTE
#2, R3

W2, R4
CFd 4, TINES
FC, TIMEN
(R4, TIME
FC, TIMEY

; FUSH RO
i PUSH R1
;s FUSH R&
; PUSH R3
s FUSH R4
;s FUSH RS
; SRVE R4
; SAVE R3
; SAVE R1
KS=R3
TESTL=0
TESTe=
S=R3I+1
EUFFER IS FuULL?
YES. GOTO GRMMA
NO. GOTO EFSIL
i SAVE K3
SHVE R4
s STURE DATAR POINTS

- e e S W W N, =

~.

RI=R3+}
R:=LRECL?
+ NO, GOTO DELTA

-

-

S YES, READL DATA FROM DISK
 (R4)=-100"

,NO, GOTO ZETR

TEST2=1

FRSS TWO DRTA FTS

FOINT TG NEXT DATA
JSAYE DATA IN TIME4
LCALL TIMEY FOR TIMING
JSAVE DATA IN TIME4
CALL TIMEY FOR TIMING

~

-

C9 - NEW440.MAC Searching for Beginning Portion of Next Waveform
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THETA:

nl:

ETH:

MU :

NL

TRU:

OMEGH :

FIN1:
ouT:

FHI .

CHF
ELE
ALD
CHF
EEQ
Moy
JHF
cCnHr
EED
CHFE
ELE
J H F'
Ma
JMF
CHF
ELE
JMF
INC
CHF
EED
JHF
"1 |:| "‘r'
Moy
Mmay
Sug
CHF
ENE
SUE
ASL
SUE
Moy
INC
INC
CHF
ENE
ER

may
CLE
Moy
noy
Moy
May
Moy
CHF
ELE
SUB
AHSL
Sug
ER

My
noy

APPENDIX C

#a, (74
THETH

#i.f4

g1, TesT2

ML

#1, TEST2
SETR

3L, T2<T2
ETH
#1250, , (R4 +
wl

ALFHA

#1, TEST2
EETF
#2900, , (R4)+
Mu

ALFHA

TEST1

#e, TESTY

ML

EETFH

FZ, RESERS
F4, FESEFRL
k4, RESERY
#e, RECERY
FESEFRZ, R
THL

kS, kZ

k=

R3, R4
(R4 +, (RLO+
ES

DATANG
F4.FESERL
OMEGHA

our

heoo, FLAG
(RLr+
TIMEL, (R1>+
TIMEZ, (R1)>+
HEUFFZ, k1
ATAMNG, (RL+
RESERZ. R
#10, kK3

FHI

Fol
FS. RESEFR S
k4. RESERL

;0= (RE XY

i YES, GOTO THETHA
;FRZS ONE DATA FOINT
Al T s U

s YES, G0TO MU
iTESTZ=1

; GOTO BETH

;s TESTZ2=47

; YES, GOTO ETH
FREG. €80 HZ?
YEZ, GOTO ¥1
KO, GOTO ALFHA

~.

~.

i TESTZ2=1
; GOTO BETH
PEEEQ. <148 HZ?

JYES,COTO MU

N, GATO ALFHA
TESTA=TEST1+1
TEZT1=27

YES, QOTO KU

NO, GOTO BET=®
SHAYE RESERE
SAVE KESER1L
SAVE RESERY
FESERI=RESEFR4-2
RESERI=R4L?

NC, GOTO TAU

i RZ=RI~-RS
iRI=RI®E
Rd=f34-K23

STCGFE DATR PUOINTS

I L e N S e

PR

F4=RECSERLT

i NO, LOCOF

YES, GOTO OuT

SET UF FLAG

P SAVE ONE @

SAVE TIMING CATA

SAYE TIMING DATH

SET UF RYL WITH AODRESS
STURE NO. OF DRTA FTS
s FI=RESERE

-~

-

e S W e

s YES, GUTO FHI

i RESERZ=RESERZ-RZ
s RX=RI%E

» RESERL=RESERL-RZ
3 GOTO PSI

s SHVYE RESERE

. SHVE FESERL

C9 ~ NEW440.MAC (Continued)
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PS1:

MSG1:

TEST1:
TEST2:

DATANO:

RRER1 :
FLRG:

LREC1:
TOTAL :

ELOCK1 :
BLOCKR:
RESER1:
RESERZ:
RESERZ:
RESEfS :

BUFFS5:
EUFF1:
BUFF2:

TIMEL :
TINEZ :
TIMES:

80

APPENDIX C
Sue #10, RESERZ i SET UF RESERZ
SuB &0, RESERL i SET UF RESER1
MOV (SP2>+, RS i FOF RS
Moy (SPx+. R4 iFOF R4
MOY CSFY+, RZ i FOF RZ
Moy CSPFY+, k2 i POF K2
Moy CSFX+, R i FOP R1
MoV (SFY+, RGO i FOF R@
RTS FC » RETURN
. RECIZAREARD AT E/
. EVEN
. HORD
. HORD @
. CSECT TCMFER ; SECTION FOR WRVEFQRM
. HORD @ s SEGMENTATION AND STORAGE
. BLKN S
. MORD @
. NORD e
. NORD
. HORD o
. WORD (5]
. HORD (&)
. WORD @
. WORD 5]
. HORD
. BLKM 1a

. ELEMW i4a0@
. BLKH o0

. CSECT SECOND
. MORD

. WORD

. WORD

. CSECT

. END CHFERZ

C9 - NEW§40,MAC (Continued)

. CSECT

.TITLE GRIDY, YSHOHM i DIS
. GLOEL GRICY, YSHOMW i AS
LFSVYC=17044¢€

.MeALL .. ve. ... REGCOEF
TR

. REGDEF

)

F-
FREG. FROM @

€10 ~ NEW310.MAC, Displaying Vertical Coordinate

» SECTION FOR TIMING

LAY GRIDS OF Y-AXNIS

TO 2060 HZ




APPENDIX C e
. MRCRQ SHOW R, B.C.D s MACRQ CALL FOR DISFLAYING |
MOV #A, YPOSY »DRATA IN SUBRQUTINE “YSHOW’ ;
MOV #B, YPOS2
MOV #C, YPOSX
mov #0, YSCALE |
JSR FC, YSHON |
. ENDM |
GRIDY. MOV RQ, -(SF) s FUSH RO
Mo kL, -CSF) ;s FUSH R1Y
MQov R&, =C(SP) s PFUSH R2
MOy R2, =(SF) i PUSH R3
noy R4, =C(SF) s PUSH R4
noy RS, =(SFD i PUSH RS
Moy #1000Q, LFSVC i ERRSE THE SCOFE
SHON N2, NO, NQ, 2040 i DISFLARY 6@ ON SCOPE
SHOKW N1, NS, NO. 180, s DISFLAY 180 ON SCOFE
SHOMN N1i.NE, NQ. 1EQ s DISPLAY 160 ON SCOFE
SHOWN N1, NS, N@. 140 JDISFLAY 140 ON SCOFE
SHOW N1, N2, NOL, 120, » DISFLAY L2@ ON SCOFPE
SHON N1, N@, NO, 100, sDISFLAY 100 ON SCOFE
SHON SFRCE, N&, NO. &0, sDISPLAY €0 ON SCOFE
SHON SPRUE, NE, NO, &1, sDISFLAY €@ ON SCOFPE
MOV (SPY+. RS . FOF ES
noy (SFPY+, R9 s POFP R9
Mov (SEY+, k3 ; FOP RZ
MOy (SFY+, RE i POF R2
MOy (GFPY+, R1 ;s FOF R1
Hoy (SF+, RO ; FOF RO
RTS FC ; RETURN
.CSECT YORTH s SECTION FOR Y-AXIS
YPOS1: | BLKH 3
YPOS2: CBLKK >
YPOS2 CBLMN 3
YSCALE . WORD Q
.CSECT NUMEBER ; SECTION FOR NUMERICAL
ND BYTE 7€.121,111.105. 76 s CHRRRCTERS
N1 CBYTE 0. 102,477,100, 0
N2 CBYTE 142,121, 111,108,102
N3 BYTE 42,1048, 111,111, €8
N" [:"'TE 30-:41 ::‘» 17-‘ :0
NS . CBYTE 47,10%,105.105. 74
NE BYTIE Paviit: 181, 111,62
NT . BYTE 104,42, 38,48, 7
NS .BYTE 66.111.111.111. 66
NS BYTE 46, 334,433,111, 76
SFRCF BYTE (L, O, Q. Q.0
EVEN
. GHEET
END ek IlY

Cl0 = NEV3II0.MAC (Continued)
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APPENDIX C
i . CSECT
| .TITLE ¥YSHOW
4 . GLOEL YSHOWM .
i LFSVC=17044€
1 LREVCH=1T0426
| LFSVYCY=170422 .
| .MCALL ..VZ&. .,.REGDEF
E! e
b . REGDEF
i l
P i THIS SUEBROUTINE DISFLAYS NUMERICAL CHARARCTERS
: i ON THE SCOFE AS THE INBEXN OF Y-RMIS
YSHON: nov K@, -(SF) ; FUSH R@
Mmooy K1, -(SF2> i FUSH R1
Mo RS, =(SP) ; FUSH R2
Mnov R, -(SF) s FIUSH R3
Mo Fd, (SR i PUSH R4
Moy RS, (SR ; FUSH RS
CLR F 4 ; Re=0@
CLR TEST ; INITIALIZE TEST
CLE LRESVEOX » VALUE OF HONRID. =@
CLR RS RE=0
CLF k1 ; Ri=q
ALFHA:  ADD YECHLE, RS s RKS=FREQ+LE .
INC F1
CHF oo, RA
ENE ALFHA i NG, LQOF .
Moy RS, YLINE , SRVE FREQ@*1E
SUE a0, FS ; R9=RS=-32
now RS, YSTAR i SAVE RS
Mav YPOSL, RO ; MOVE FIRST CHARACTER
ER LELTH ; GOTO DELTA
EETA MOV YEOSZ. RO ; MOVE SECOND CHARACTER
noy YETAR, FS i MGVE HQONRI. GRID
ER CELTH ; GOTO DELTH
GAMMA:  nov YEOSI, RO . MOVE THIRD CHARACTER
nov YETAR, RS ; MOVE HONRI. GRID
DELTA: MOV #-5. R4 iR1=-5
EFSIL:. ADD #1s, K4 s R4=R4+13
MOV YETHE, RS , MOVE UHARACTER TO RS
nav W=7, F2 , R2e-7
NOYE CROY+, RZ i MOVE & BITS TO R3
JETA: ROLE F3 s ROTRIE @ EIT TO CARFRY
EFL IGTH » CARRY EBIT=07
nav BIONZ, LPSVE i NO.SET UP STATUS QF SCOPE
ETA TSTE LFGY s STOFE RERDY S '
EFL E1A S NCL WARIT
Mmov RS, LFEYCY » YES, PUT ONE 0OT ON SCOFE
How R4, LFSYON

Cl1 - NEW320.MAC, Displaying Vertical Coordinate
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: APPENDIX C
g . ICTA.  RADD #11. RS ; INCRERSE VERTI. BY &
3 INC R2 s TEST 7 DQTS FGR R COLUMN
; ENE CETR
E: . INC R iS COLUMNS FOR A CHARACTER
£ BNE EFSIL
4 INC TEST i TEST THREE CHRRACTERS
£ § cHP #1, TEST i TEST=47
a1 BEQ EETA i YES, TRY SECOND CHARACTER
: CHP #O.TEST iNQ, TEST=27
L E BEW GRHMMA s YES, TRY THIRD CHARACTER
b ROD #1100, F9 + HUNRI. INCRERSE BY €4
1 May YLINE. R2
i KRFFR: MOV BEOOD. LESVE S SET UP STATUS OF SCOFE
1 MU . TSTR LPS\VE i SCOPE RERDY?
1 EPL MU “NQ, NRIT FOR RERDY
4 INC R i YES. INCRERSE HONRI. BY 1
MOy R, LESVON ; GENERATE ONE DQOT ON SCOPE
d MOy (&, LRSWCY :KEEF SAME VALUE OF VERTI.
| | CHP TETE R ;QUT OF RANGE QOF SCOFE?
i § ENE RSP R s NQ.KEEF DISPLAYING
noy CSPY+, RS CPOF RS
MOV (SPY+, R4 LPOF RY
a MO\" (SP“*; F‘S AP(‘P R:
MOV CSFY+, RS EROR RE
now CEPY+, R . POF R1
5 MO (SR +, RO s FOF RO
RTS FC s RETURN
YSTAR: . NORD @
YLINE: . WGRD @
TEST. CNORD  ©
. CSECT YDATH {SECTION FOR Y-ANIS
YPOSL: .(BLKN 3
YPOS2: .BLKN 3
YPOS3: .BLKN 3
YSCALE. . NORD  ©
. CSECT
. END YSHON
v

Cll = NEW3I20.MAC (Continued)
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DEVYL:

STRRT:

CRT1.

RLFHA .

CRT2
READY

APPENDIX C

. CSECT

84

.TITLE DISF. THE DATA OF 10@K HS

. GLOBL DISF. NSHON
LFSVWC=17041¢€
LESVYON=170420
LPSVCY=1T0422

<HERLL - . W2 ... REGREF
ol W

. REGDEF

. MACRQ SHOW R, E, C
RIS #R, NFOSL
MoV #E, NPOS2
MOV #C. XFOSX
JSR FC, NSHONW

. ENDM

Moy k@, -C(5FD
MO\ Ry, =(SF2
Mav REL = CSEY
nov RE =R
MoV R4, ={&FD
MQV RS, =C(SF2
 [RAY RBUFFIQ, RO
MOV FIRST, RY
MOV LRST, k2
SUR RL, RS

MO\ ke DATAL
Mo B1LoQQ0. R4
CLR RS

SUE RS, RS

INC kS

CHF [ S

ELE LEVE

R&L Ri

ARLD F1, R@

MO FIRSY:RY
LEC k1

CLR LFSVEN

CHMR CROY, #-100@
ENE RLFHA

RDOD #4, R0

RDD #2, K1

Moy #3300 L TEST
JHF MOVEL

MOV RO+ Fo
INC k1

CHF F1.LRST
ELT CRT&

JMF aur

Mav #2002, LPSVE
TETH LFSVC

:

’

’
’
.
2

NHCRO CALL FOR
DISFLRAYING X-RAXIS

FUSH Ru
FUSH R1i
FUSH R&
FUSH RZ
FUSH R4

s PUSH RS

+SET UP RQ WITH ARPORESS
$SET UP -R1

SSET B RE

~

s

&=R&-KL=DRTR FQINTS
SHVE NO. QF DATA FTS

» R4=4088

-

RS=0
RE=4QQCFRE

iRl=24R1
s R@=RDDRESS QF FIRST DARTA
i R1=NQ. OF FIRSET DATH

~

~

LFSVYON=@
VRLUE==-1007

#NO, GOTQ ALFHA

-~

& Wr e % "

-

SKIF TWO DATA FTS
DISFLRY IN SFECIAL FORM

SHVE DRATA IN R4
Ri=R1+1

RICLRST®
YES.GOTQ CRTe
GOTO aur

SET UP THE SCOFE

« SCUFE FERDY?D

Cl2 - NEW 330.MAC, Displaving Data and Horizontal Coordinate
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EFL READY s NOL MATT
CHP #4280 . R ; 480CNQ. OF COUNTS?
El BELT GRMMAD ; YES, GOTO GRMMAR
h MOV BIS00. . TEST s DISPLAY IN SPECIAL FORM
A ER MOVE L ; GATO MOVEL
4 GAMMAQ: CHP 80, R4 ; OCR4?
F | BLT GRMMAL i YES. GOTQ GRMMAL
i Mo #2200 . TEST s TEST=200
4 JHP MOVE L (i GOTQ MOVEL
; GARMMAL : MOV BESQOD, R2 s DOUBLE-FRECISION
b i MOY WIg, R
4 CLR TEST
4 DEV2: SUR R$. R2 ; TEST=1. 600, Q00/R4
A SEC R3
i INC TEST
4 CMP B0, R2
| ENE LEVE
b & CHE R4, R2
il ELE CEVE
| MOVE1l . ADD RS, LRPSVON ; ISFLAY A DOT ON SCOFE
Moy TEST. LPSVCY
Moy LPSVCN. NSCALE
CHE DATHL, #150. CDATH PTSM1SQ7
EGT N CYES, GOTQ OKDY
- CLR (S
Moy FLRY
) Ko . SUR #12. R4 s R410=R2
INC 2
CMF #12. RS
ELE are
CHEP #O. e ‘Re=07
EEQ Nt i YES. GQTO Oke
JHE CFTL «NQ. GOTO CRTY
0Kl . SUB 12, K3 L RISLQ
CHF #1:o, R3S
EBLE o g
CHE RO, RD CRI=@?
EEQ oKy CYES.GOTO OK@d
| SHOM SFRCE, SFRCE. SPRCE  + VERTI. LINE ON SCOFE
: AE CRTY . GOTQ CRTYL
{ Okal CHFP #1090, F1
ENE L
¢ SHOW Ni. NOLNO CUISFLAY L00 AND VERTI
: JHUP CRTL .LINE QN SCUFE
: 0k11. CHE #ooo L1
& BNF ahad
‘ Sl N2 N NO CDISFLAY 200 AND VERTI.
E | JHF CRTL ,LINE (N SCOFE
i oK21 CHF oo, KL
| ENE S|
1 SHII NI NDL NG CLISFELAY 300 AND VERTI.
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i APPENDIX C
4
| JMF CRT1 i LINE ON SCOFE
i OK31: CMFP #4002, F1
| BNE Ok 44
1 SHOM N4, N, NG sDISFLAY 400 AND VERTI.
i JNP CRTL i LINE ON SCOFE
7 OKd41: CMP BSOQ. LR
4 ENE s
! Shay NS, N2, N sDISFLAY S@Q AND VERTI.
E JHP CRT1 LINE GMN SCOFE
: WIN CHF WE@a0. . R1
1 ENE OKE1
‘ SHOM NE, NO, N@ ; DISPFLAY €@@ AND VERTI.
JMF CRTH ~LINE ON SCOPE
0K61 : CHF ¥oo0a LKL
ENE QKT1
| SHIN N7, NI, NGO , DISFLAY T@o AND VERTI.
! JHF CRTL i LINE ON SCOFE
: OKTL CHFP #2200 LK1
3 ENE oLElL
i SHOW  N&, NG, NO JDISFLAY 800 AND VERTI.
4 JHp (RT1 s LINE ON SCOFE
: OKed CHE #a00 KL ¢
3 ENE ar =1 £
4 SHIM N3, NaL NGO ; DISPLAY S@0 AND VERTI 1
{ JHP CRTY ‘LINE ON SCOPE é
4 0Ka1 CHF #1000 LRl §
1 ENE GRimy E
) SHOM N1, N, NE s DISPLAY 1606 AND VERTL.
' OK1@1: JiP CRTL i LINE QN SCOFE ;
ouT ray (SPI+. RS i FOP RS :
Moy (IPx+, R4 , EFQP R4
noy (SFY+, B2 ; FOF R3
Mo CSFM+, Re ; FGP RE
MOy CSENY+, RY s FOF R4
MOy CIFY+, RO i FOF RO
RTS FC ; RETURN
ATHL . CWORD N
. CSECT  SCOFE ,SECTION FOR DATA
EUFF30 . ELWM S0a0
FIRST. U]
LRST . CWOED
CCSECT  HDRTH LSECTION FOFP R-VALUE
RFOS1 . . BLKW W
NPOS2 CELKMH ?
SPOS3: . ELKN 3
NSCALE. . WORD n
TEST. NORD
CSECT  NUMEER LESECTION FOR NUMERICAL
na . CEYTE re: 1ol 23,805 78 . CHARACTERS
N1 CEVTE 0102477 130, 0 .
NE . CEVTE 248 184,241, 408 108

Cl12 - NEW330.MAC (Ccntinued)
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i J
‘ N3 : CBYTE 42,101, 111,114, €6 ‘
N4 . BYTE" 3@,24,22,177,2 |
NS : .BYTE  47.10S5,105.105, 71
NG : .BYTE 76.111,111,111,62
N7 .BYTE 101.41,21.11,7
NS : .BYTE  66,111.111,111,¢€6
NQ: . BYTE 45 111 111 44, 28
SFRCE: . BYTE , @, , 0
. EVEN
CSECT
. END OISF
C12 - NEW330.MAC (Continued)
. CSECT
.TITLE XSHOMW
. GLOEL hFHOh
LFSVYC=1Ta416
LFSWYCN=170420
LFSVCY=170422
.MCALL ..VZ..,.REGDEF
-
. REGDEF 4P
; THIS SUEROQUTINE IS TO DISFLAY NUMBERICAL CHRRCTERS
; ON THE SCOFE AND ENFRND THE HONRI. SCALE
XSHOW: MOV RO, -(SFD ; PUSH RO
Moy k1, -CSF) i FUSH R1
MO RS, =¢SSP ; FUSH R2
MO R3, =(SF ; FUSH R3
MOV R4, =CSFDY i FUSH R4
MOy RS, =(SF) ; FUSH RS
CLR R4 , R4=0
CLR LFSVEX i LRSYCK=0
CLR LFSvCY 'F~wcv @
MOy XSCHLE, ML INE ; SAVE MSCALE
SUE BZ€. , KSCAHLE ;HSCHLE=NSCHLE—36
Moy WEOSL, B , FIRST CHPRACTER
EF GANMA S GOTO GAMMA
ALPHA MOV NEGSE, RO , &Nl CHRRACTER
ER GFRMIIA ; GOTO GRMMA
EETA: MOy WFOS3, RO , IR0 CHARARCTER
GAMMA - MOV #-5. kL ;R1=-5 FOR S COLUMNS/CHRRAC
DELTA: ADD #14, NSCFLE ,FOSITION FOR NENT COLUMN
CLK RS s RS20

C13 - NrW340.MAC, Displaying Horizontal Coordinate
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UNCLASSIFIED
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MOy - -7 R B 2==F FOR T ROWS/CHRRAC.
MOVE (R@»+, RZ ; SARVE DRTR IM EZ :
CETR: RCLE EZ ,ROTHTE RZ |
BPL KAFFA URREY BIT SET.DISFLAY A [OTF g
Moy gzoae, LFSVE ;» SET UP SCOFE . :
FHI: TSTE LFSYC ;s SCOFE RERDY ™ 1
EFL FHI s MO, MRIT 7
May RS, LFEVCY s YESLRFUT A COT OM SCOFE
nay ~SCRLE, LFIVON
KRFFR: HADD #i1l, RS ,Y-FOSITIGH FOR HNEXT DOT
INTC ke iRZ=E2+1
BNE ccTH sFINISH A COLUMNM?
INC E1 iRl=F1+1
ENE LELTA s FINISH A CHARFRCTER?
INC Fd i Fd=Fk4+4
CMF #1, Fd s FE4=17
EEQ ARLFRA JYES, TRY ZMNG CHARACTER
CHF #2, ®d , Ra=27
EEQ EETH SYES. TEY ZFED CHRRACTEER.
MOy #1260 ,FS cES=126a
ML MOy Bzogs, LPsve LSET UFP THE SCCOFE
GMEGA: T&TE LFS\E ; ACOFE READYT
EFL OMEGHA MO WALT
INC Fe i FS=mSe+l
May FEST, B , R=7 EqT Y-YALUE
SUE RS, B2 3 RZ
CHF B200, k= ; "x'\: :
BLT FSI ; YES, GOATO FEI
ALD #eEQQ, RS , RS=RO+IE4
MOy #3000, TEST i SET * TEST
F51: Hay ES, LFZVCY ;VERTI. STRAIGHT LINE
Moy MUINE, LFSYCR
CHMFP BT TEL RS ;4055 =RKST
EGE RN .YE: GOTO MU
Moy {S&F 4+, ES , PGP RS
Moy CSPY¢, Y A =
MO CEFy+.F2 i POR RZ
MOy CSEF»¢, R2 , FOF k2
Moy CZFPY+, R L FOF R
Moy CLFae, RO , FOE Ea
kTS FC CRETURN
XLINE. . WORD (4
L LSECT  MDATA ; SECTION FOR H-VALUE
APO51 . . BLEM 3
~F0s52: ELKEM >
wWF0S3. ELENW & X
(5CALE. . WGR(L
TEST: . WOFRD
cESECT i3
. END NEHCH

C1l3 - NEW340.MAC (Continued)
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THIS FROGRAM IS TO GET THE SLOFES CORRESFONDING
TO THE FOSITIVE AND NEGATIVE CONDUCTIVITIES.
DIMENSION MCATS2), THNQCLQQOY, TIMEGQC200). COND (260>
COMMON M, G, TREF, IFREQL. IFREQ2, IAXIS, IDY

OATA HAS BEEN STORED IN THE DISK UNDER THE
FILENAME “SHIH1G. DRT"

TYFE =@

FORMAT AN, “NO. OF EBLOCK?, FIKST AND LAST WAVEFORM 27)
ACCEFT &, TELOCK, IEBEGIN, IEND

FORMATCSTIRD

LREC=25€*ELQCK

IB=IELOCK* CIBEGIN-C)

IFLAGZ=0

N=@

0O 2000 J=1EEGIN. IEND

IE=IEB+IEBLQCE

SUERQUTINE CHECK IS TO READ DATH FROM DISK

CHLL CHECKE M, IEB, LRECY

I0L=8

I02=M{1,-6€

TYFE 100, J, MIL2

FORMAT ¢ 4 AN, “WAVEFORM 7, 12, 5K, “DATA FTS ./, 14)
SUBFQUTINE GRIDYCMACY CISFLAYS V=-AKIS ON SCOFRE,
CALL GRIDY

SUERQUTINE [LIZFCMACY DISFLAYS DATA FOINTS ON SCUOPE.
CALL DISF{M, I0L. ID&, [AXIS)

TYFE L&0

FORMRTCAN, "EXFANDCLYTFOS. CONC. (2YPNEG. SOND. (202

W SKIFC4XTSTORCS ™" )

ACCEFT SO, IFLAG

GOTO 180, Z00. 400, 1350, 2000 . IFLAG

TYFE 00

FOGRMAT (AN, © LIMITS OF THE X-AXIS & ¥Y=AX1S /)
RCCEFT S0, 101, 10&, TFRECL, IFREQE

ENFANZION OF FART OF THE WAVEFORM
[FREQZ=INTCZ200. A(IFREQE-TFREGL )

CRLL YEWFOCIFRECL, IFREQRE. IFREQZ)D

NOL=100, 000/FREQL, NOZ=10Q0. QUO/FREQD
NOL1=INTCCL0000. S#IFREQL »+10 +0 SO
NOZ=INTCCL000n, AIFREQ2Y410. +0 §)
IEN1=FREQLI®ZZ0Q0/CFREQZ-FRECL Y =400
TENE=250. QOO (FREQ2-FREQ1)
TECL=INTCIFREQL*CIEVQ ACIFRECS-IFREQLM ) -400 )
[E02=INTCL0a00. ACIFREGCI-IFREQLY Y¢40, 2 &)
CALL HENFDOM, T01. 108, NOL, NOZ, TEXNL, TENZ, TANIS)
GOTO 170

IFCIFLAGT EQ 1> GOTO 400

TYFE S0

FORMAT Lo, "HBFOQSTITIVE CONDUHCYIVITY#® )
SUEBRQUTINE SLOFL I3 TOQ FIND FOSITIVE CONDHCYIVITY
GRLE SLOFL

Cl4 - NEWBO2.FOR, Mailn Program for Data Processing




3 90
b | APPENDIX C
b} GOTO €00
i 400 TYFE 420
} 120 FORMATCLXN, “NANEGRTIVE CONDUCTIVITYNR' ) -
! CALL SLOFQ ;
i IFLAGI =1 ‘
i €00 TYFE TOO . 2
¢ 700 FORMAT (LM, ‘DISFLAY & CALC. (ROTH=1, ONLY CRLC. 1
: # =2 NO=3>')
4 ROCEFT SO, JFLAG
s GOTQO €190, 200, LO00Y, JFLAG
' C R CAHL =S*EL11, RADIT RAFE 8225 AND . S®
C REZFECTIVELY FOR EBLUNT FROBE
: 1000 G1=1 J47¢GeLE-1TD
& TYFPE 2100, G, TREF
, 1100 FORMAT (SN, “CONDUCTIVITY . L ELE 446X, “TIME ., F9. 3
# N=terl
i THNOUNY =]
4 TINEQCNY=TREF
i CONIENY =01
g GOT 170
ki 1650 TYFE 1Q¢6n
! 1560 FORMATCLN, "HOW MANY NAVEFORMS NOT YO EE PROCESSEDT’)
ACCE =T S0, Ik
1E=]Y +[K&TELGTK
JaJ+ I K .
IFLALI =0
2000 CONT I 1UE
X000 TVFE 2S00 .
500 FORMATCLUN, “ MAVEFCGRM , & CTIME, 20N, CONDUCTIVITY”
B S 2% CCNDD T, BX  CSECYY, Q3R CMHOASCHY ¢ /)
TYFPE “A200, CIMNOUIY, TIMEQCT Y, CONDCIY. I=4. N)
60 FORMATCIAN, 13, SH, FO. 2, 18X, E12. 4. )
‘ 4000 STQF
1 END
; Cls = NIEWBO2.FOR (Continued)
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i
| - CESECT
| o .TITLE "CHECK
] GLOBL CHECK
CMORLL . V2 ., FEGUEF, . FETCH,. LOOKUF, . FERDU
p .MCALL . CLOSE..ENIT
t L S
B . REGUEF
H CHECK: MOV O =(SF) i FUSH RO
| novy R1, -CEF) i PUSH R
Mmooy 2. ~(SP) i FUSH R2
; Moy Fl,=CSF i FUSH R3
: MOy R4, =(SF) i FUSH R4
now RS =(5FD s FUSH RS
. MOV S(RSY, R4 JSET UF RL MWITH ADILREZS
1 oy @4 RS), k& ,SET UP RZ? AS ELQGCK
1 MOy @ECRSY, RD JSET UP R AS DRTH FTS
E FETCH  WHNUF, WNAME LDEFINE FILE
! CLOOKUF WAFEA. #1, #NANE
4 REARDW  BRFEA, L. FL, RZ.FC . FERD FRQOM OISK
1 . CLGSE W CCLOSE CHANNEL W1
Mo (EF)+.RS ; FOR RS
Moy (SF)Y+, F4 , FGF R Y
Moy (SPa+. RZ i FOFP R3
MO CEFYve, B2 ; FOF R2
" Moy CSFO+, RL , FOF RY
MOV CEF v+, FOQ , FOF RO
. kTS FC s RETURN
RREA . ELEW ]
NAME . . RALSO/DK SHIHLODAT, s DATH STORED RS THIS NAME
. EVEN
. CSECT
HNOR=.
CEND
i §
4
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SUERQUTINE SLOFRYL

CIMENSION KOIT92 20 2S00 Y(soQ

COMMON K. R, TIME. IFREQL, IFREQZ, IANIS, IDY
TYFE 30

FORMATCLN, “THE LST & LAST PTS. ? THE FREQ
ARCCEFPT SQ. JS51,J0S2, IFDEV

FORMAT (L&)

JEIaJS1+(JS2-JS81 )2

N=Q

sLQr=0 0

TIME=Q

TINEL1=0.

oQ 90 I1=¢, JS:

IFCRCIN. EG Oy GUTO &0

[FCROIY NE. =100 GOTQO €0

I=1+1

IFCRCIYy GE Q) QUTO €0

TIMEL=( ESS Y HESC(h I )) YegQ

I=1+1
TIME=KC(LI)LQ
IFCI=-JSL )Y 88
TINES=TIME
N=N+1

Yo v =28000, DSR2

L=N-1

NONY=KIYAL 280, +Na LD
IFCI. NE JS3¢ GOTO RS
TIMEF=(N(NY+TINEZ )80,
TIMEL=0.

CONTINUE
TIME=K (2 b 20,1000 +TIMEF
LOOF=0

A=0. 0

E=0 (

GUTO 200

TEST=g S*IFDEV

GOTO 200

TEST=IFDEV

GOTOQ QO

TEST=0. S«IFDEV

GOTO 200

TEST=0 2S«IFLEV

NOARTR=0

SUMN=@ CQEQ

SUMY=0. QEQ

SUMNK=Q QEQ

SUMNY =0 OCQ

DO 400 I=4.N

IFCLOOF EQ Q0 GOTO 0w
FRED=0 25+ OLIS*HeNCIY R
DEVI=RICS(YUCIY-FRED

S0 O+TIMEL+TINE
g o8 T

C16 - NEW825.FOR, Determining Straight Line Fit
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APPENDIX C

IFCDEVIIGT. TESTY GOTO 400

SUMN=SUMN+X (I

SUMY=SUMY+Y (T

SUMRK=SUNNN+X T eNC]

SUMRY =SUMEY+XNCIVeY (DD

NORTA=NDATA+1

CONTINUE

D=NDATAASUMNN-SUMN+ SUMX
C=NDATA*SLMXY-SUMN®SUNY

E=SUMY» SUMKN-SUMN*SUMRY

IF(NCATA. LE L. OR. D. EQ. 0. @) GOTO 10

R=320. 0+C/D

B=d4. 0+E/D

LOQF=LQ0OF+1

GOTO 120,140,160, 180.500)>, LOOP

SuMs=0. o

LQ €00 1=1,N

FREQ=0. 25¢C QL2S«A*X{1)+B)
DEVI=ABS (YT Y-FREQ)

IFCDEVI. GT. TESTY GOTO €00

SUMS=SUMS+DEVT w#2

CONTINUE

SUME=SORT CSUMS/NORHTH)

TYFE 700, NUATF. N, A, B, SUMS, TIME

FORMATCLN. "BRATION, I3, 7/7,13,2X, “SLOP :7,F9. 3, 2%
‘B=’,F7. 2,88, "RES. RMS “,F€.2,2X, ‘TIME :’,F8&. 3
IFCIDL. NE S» GOTO Té0

GOTO &oo

IA=INT(S *(A/CIFREQZ-IFREQLI)*C(IAXISAZ. 125))
TE=INTC(E-IFREQLY*(3200. /CIFREQG2-IFREQL1))>+400.)
CALL DSLOFCK, 101,081, IA, IE, IANIS)

RETURN

END
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SUBRQUTINE SLQOFQ
DIMENSION KOi792), N300, (300
! COMMON K, A, TIME, IFREQL. IFREQJ. IANIS, INMY
i 10 TYFE 30
g X0 FORMATCAN, “THE §ST & LRST PTS ° THE FREQ. DEV. ?")
RCCEPT SO, JSL, IS, IFDEV
S0 FORMAT(3IIS)
\‘53.\'51§\\'52‘\'51 b Wy
N=0
N(M=0. 0
TIME=Q,
TIMEL =D,
PO SQ I=8,082
g IFCKCIY ER Q) GOTO Q@
| IFCKCIY, NE. =100 GQTQ &0
Iale+g
IFCKCIY GE. @) GOTOQ &@
| TIMEL=C €SS)Y2(ABRSCRUIMM 8D
1 I=]e+y
' 60 TIME=KCID)/"10S0 +TIMEL+TINME
IFCI=-JS1 Y 88, 7O, 7S
0 TIMEZ=TIME
7 N=N+1}
YONY=QS0Q0. 04KTD)
L=N-1
NUNYEK T YL Q80 +NLL
IFCI, NE. JS3Y GOTQ &S
TINEF=(NCNYTIMEQ Y/ BQ. .
83 TIMNEL=D
[0 CONTINUE
TIME=2KCQ)+K 2D A1000 +TIMEF
LOQP=Q
R=0 @
R=20 Q
GOTOD 200
129 TEST=C. S«IFDEV
GOTQ 200
140 TEST=IFDEV
GOTO 200
180 TEST=0Q S«IFDEV
GOTQ 200
18Q TEST=Q QS«IFODEV
200 NDATR=Q
SUMN=Q QEOQ
SUMY=0 QEQ
SUMNN=Q. QEQ
SUMNY'=Q. QEQ
0O 400 I=1.N
IFCLOOR EQ QY GOTO Q0
FREQ=Q. 2S¢ (. MIJOS*ACX(] YR
DEVI=ARS(YIY-FREQ)
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IFCREVILGT. TEST: GOTO 4@0

SUMN=SUMK+NC]L )

SUMY=SUMY+YCT )

SUMRM=CUNMEN+LCII*a D)

SUMRY=SUMNY+XCI 4T

NDATA=NDATH+1

CONTINUE

D=NORTH*SUMEN-SUMXKSUMN

C=NDATA*SUNAY -SUMN4SUMY
E=SUMYRSUMMNN-SUMNASUMAY
IFCNDATA LE. 4. OR. DL EC. 0. ) GOTO 10

A=3E0. @+C D

B=4. O+E/D

LOGF=LOO0F+1

GOTO (126,140,160, 180, SO0, LOCOF

SUNS=0_ 0O

00 €0l I=1, N

FREQ=Q. 2S% (. QLZS+A+X (I +E)
CEVI=AES .Yl -FREQ)

IFCDEVI. GT. TEST GOTU €Qe

SUMS=SUMS+DENT #» 2

CONTINUE

SUMS=SERTCEUMZ NIATA

TYFE 700, NDATA. N, A, &, SUNS, TIME
FORMATCAXN, “BRATIOH . 13,7/, 1. 2%, 7SLOF ', F9 X, 2X
“B=GPE. 30 @R CRES, RIS CaFE S, 28y TIME 7, F8. 3D
IFCICY. NE. S GOTO Te@

GOTO 7&O

TA=INTCS. ¢ A/ IFREQS-IFREQLI I (TANISAS. 125))
IE=INTCCE-IFREQL i 2200 ACIFREQZ-1FREQLY > +404. )
CFILL f'SLClF"k; I[‘ll \‘sll IH' IE:: IHKIS:‘

A=-A

FETURN

END

C17 - NEW845.FOR (Continued)




YESFD .

APPENDIX C

CSECT.
.TITLE Y-ANIS ENFANSION
. GLOBL  YENFD, YSHONS

LESVO=17041¢e

MCALL .. V.. .,. REGDEF
e < S

. REGLEF

CMARCRQ  SHON R B.C.D
CMP R1i, WD

BGT . 112

CMF R1, 8D

BLT . *1Q

MOV B, FLRGY!

BR . +40

CMP RS, WD

BGE . +8

JMP FINICEH

CMF R, WD

BNE +12

MOV #3.FLAGYL

ER +10

MOV 8. FLRAGYL

MOV #H, YFOSY

nov WE, YFPOSD

nov W YFOSY

MOV #0. YSCRALE

JSR PO, YSHONS

CLR FLRGY L

. ENDM

MOV U, ~(SF

RIGY K1, ~CSPD>

MOV 'S LS

Mo R2, ~CSF)

MOV Fd, = SP)

Maw RS, ~C8&PY

MOV L0000, LPSVT
Mov @RSV, FREQL
MOV PICRSY, FREDQD
May GECRSY, FLAGYD
CLR FLAGYL

MOV FREQL. RL

Moy FREQS., RS

SHON SFRCE. N&. ND. €@
SHON SFACE. N NQ, T
SHON SPHCE. NS, N 80
SHON SPACE, N9, Nu. 2D
SHON N1, NO. NOQLLQo
SHOH NL, N1, NDL LG,
SHON M1, NS NOLLon
SHUN MY NIZONOLLZO

96

+ MACRO CALL
» LONER LIMIT CeDp?
YES, NOT DISFLRAY
» NO. LONER LIMIT (a0
» YES, COMPARE UFFER LIMIT
» NO, LONER LIMIT=aD
» GOTO DISPLAY
» UFFER LIMIT >eD?
+ YES.KEEP TRYING
»NOL.FINISH!
s UFFER LIMIT =#07
+ NQ. GQTO DISFLAY!
 UPFER LIMNIT = @
»GOTO DISFLAY
80 IS NITHIN LIMITS
+ SAVE FIRST CHARACTER
SHVE SECOND CHRRACTER
SRVE THIRD CHRRRCTER

-~

» SUBFQUTINE FOR DISFLAY

FUSH RO

FUSH RA

FUSH R2

. FUSH RZ

FUSH R4

FUSH RS

i ERRSE THE SCQFE

MOVE LONER LIMIT

MOVE UFFER LIMIT

VHLUE FOR DIVISION QN SCUOFE
TEST FLRAG FOR WD

«SET UFP RI

. SET UF RQ

DISFLAY &0 AND KHUNRI. LINE
s DISFLAY T0 AND HONRI. LINE
y OTSFLAY &0 AND HGNRI. LINE
 DISFLAY S0 AND HONRI LINE
DISPLRY 100 BRND HONRIL LINE
DISFLAY 140 AND HONRI. LINE
CODISFLAY 120 AND HONRI . LINE
CDISPLAY 130 AND HONRI. LINE

-
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FINISH:

Y¥FOS1
YFO52:
YFOSX:
YSCALE .
FLHGY1 .

FLHGY2

FREAL :
FRERQZ.

NO .
NI
N2:
N3 :
Nd
NS .
N& .
N7 :
N3 .
N3 .
SPHCE .

SHOH

SHON
SHONW
SHOW
SHOM
Hov
mov
Moy
Mav
nov
Mav
RTS

CSECT YUATREZ

CELEM
CELEN
ELKW
CWORD
CWORD
. WORD
. HORD
. HORD

~e

« ESECT NUHLE

.EVYTE
. BYTE
. BYTE
. EYTE
. EBYTE
EYTE
. BYTE
EYTE
EYTE
CEYTE
CEYTE
CEVEN

s CSECT

. END

APPENDIX C

N1, N4. Nb. 140
N1, NS, N, 18@
Nl, N€E. NOL LeD
NL, NS, NOL L8R
N&, NO, NO, 20U

 DISFLAY
: DISFLAY
i DISFLARY
OISPLAY
» DISFLAY

CSFY+, RS i FOF RS
(SF)+, k3 i FOF R4
(SPY+, FZ ; FOP RX
(SEPX+, F2 ; FOF R2
CEPM e RYE » FOF R1L
(EPY+, RO ; FOF RO
FC » RETURE

oLy

140
150
1€0
180
cao

AND
AND
AN
AND
AND

HONRI.
HONR]I .
HONR]
HONRT .
HONRI .

: SECTION FOR NUNMERICAL

7€:121,411.105, T¢ , CHRARACTERS DISFLAY

&, 282, 170 188, &
142,121,411, 108, 102
42,101,111, 111, €6
0,89, 22,177, 20
47,105,10%.105, 74
€, 111,181,111, €<
1€¢1,44,1.,11.,°7
€€, 111,111,111,
5 B 8 (7 s B (PR B 1
o, 000,00

-y ™
T M

VELFL

C18 = NEW315.MAC (Continued)
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LINE
LINE
LINE
LINE

» SECTION FOR Y-AXIS DISFLAY
» ANC NUMERICAL CHARACTERS




YSHQU2

RLFHRQ

ALFHRA

BETH

DELTH

GRITMA

UMEGH

THETA

APPENDIX C

. CSEET

 TITLE YSHONS
GLOBL WSROMO
LESVE=170d16
LESVCN=LT0420
LESVCOY=1T0422

MCRLL Ve, .. REGDEF

h o 4

REGLEF

» THIS SUBFQUTINE BISPFLAYS NUMERICAL CHRRCTERS

» ON THE SCOFE RND ENFANC

Mav RO, =(3F2
Moy R1, =(SF)Y
nov RI. ~(SFDY
Moy R3. =(SF)
MOw R4, =C5P
MOV RS, ~(SFD
CLR K4

CLR TEST

CLR LFSVON
cne PO FLAGYY
ENE BLFHAD
JHe aur

CMF #1. FLROYL
BNE HLFhA

My W00 L YLINE
MGV YLINE. RS
3 GRMNA

cne WL FLAGY)
ENE EETH

MO\ B-e00 L YLINE
nov YLINE.FS
ER GRMNA

MOV YSCALE. RL
cug FREOL. KL
CLF RS

ALD FLAGYD. RS
QEC F1

NP R

LT CELTA

ALO w4 RS
Heow FS. VLINE
SUE #40. RS
HOw FEUYITAR
MEY VECSL. KD
ER nu

RIS YFQSS, RN
Y VETAR, RS
BR Nu

MOV YFOSI. RQ
MOV VYETARR. RS

)

')

.

THE VERTL.. SCRLE
FUSH RO
FUSH RI
FUSH R2
FUSH RX
FUSH R4
FUSH RS

L Rd4=0

TEST=Q

CLRESVON=0

CFLROY =0T

» NO.GOTO DISFLRAY
« YES, GQ &UY
CFLRGY L =0T

NQL GQTO ALFHR
CYESOLONER LIMIT
. SAVE RS

COATO GRMMA

FLRQYL1=3T

NG GOTO BETH
yEESSHPPER LIMNIT

« SRVE ES

-G0TQ GRMMA

 SET UP F1 NITH ADDRESS
y RL=R1-LOQNER LINIT

R&=0

+RS=SCQFE DIVISIONeRL

.
8
R

(‘.

RS+300BRSE VALUEDY
€ RS FOR HONRI. LINE
3

I3

X
R\
S=RS
[SFLAY LST CHARACTER

y GOTO MU

COISFLAY IND CHRRACTER
COTSFLAY HONRI LINE
GQTO MU

y DISFLAY 3RO CHARACTER
COTSFLAY HUONRI. LINE

Cl¢ < NEW325.MAC, Disolavine Vertical Cocordinate
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My .
IQTA:

ETH:

FRT :

NU :

aur.

YSTAR .
YLINE:
1EST

YPUSHE
YPOS2Z:
YPOS3:
YSCALE .
FLRGYL :
FLAGY2:
FRED1:
FREQZ:

Moy
RDD
noy
Moy
MQVE
ROLE
BFL
Moy
TSTE
EPL
MOy
noy
ROD
INC
ENE
INC
ENE
INC
cHMpP
EEDQ
CHF
EEQ
ALD
RIUAY
may
TSTE
EFL
IHE
MOy
MOy
CHF
EGE
Mmooy
Moy
Moy
Moy
MGy
Moy
RTS
. WORD
. HOED
. HGERD

APPLENDIX

#-5, KL
#15, k4
YETAR, RS
-7, k2
CROY+, 2
RZ2

ML

#2002, LFSVC
LFSYC

FRI

RS, LFSVCY
Fg, LRPIVCR
#11, kS

ke

ETAH

r1

ICTH

TEST

#1, TEST
OMEGH

#2, TEST
THETH
#i100. R4
YLINE, F&
#oO0z, LRSSV
LESVE

0K

Fd

Ed4, LEEVYCH
Re, LPSYLY
#777E, B4
SIGHA
CSPY+, RS
(SF 4+, R4
(SPY+, R
CCFa e, B2
(SR +, B4
(SFy+, RO
e

a

o

8}

. CS5ECT YDRUTAZ

CEBLEN
. BLEH
- BLKM
. WOFRD
. WGFRL
. WORD
. WORD
. HOR
]
. END

C19 - KEW

L R 7 R

YOHORE

C

) R1=-5 FOR & COLUMNE
sFOSITION FOR NEXT COLUMN
s THITIALIZE Y-FOSITION
»R2==7 FOR 7 DOTS/COLUMN
s SET UP RS WITH ADCFRESS

s ROTATE R3

99

; CARRY BIT SET,DISFLAY A 0OT

P INITIALIZE THE SCOPE
s RERDY?

CNO, WARIT

; YES, MOVE Y-VALUE

s YES. MOVE M-VALUE

» FOSITION FOR NEXT DOT
sFINISH 7 DOTS?

» NOL GOTO ETA

»FINISH § COLUMNS?

» NG, GOTO I0TAH

+FINISH A CHARARCTER

s TRY &Nl+ CHARACTER

+ TRY IR0 CHARACTEER
» R4=F4+c4 FOR N-FOSITICON

INITIALICE THE CSOPE
s READY T

CNOL UARTT

y BF4=R4+1 FUOR X-FOSITION
s FOR HONRI. LINE

; THE SAME Y-VALUE

» 4035 =R4 ™

s YES, GOQTQ SIGMA

W FEESRS

, FOF F4

, FOF R

s POF RE

; FOF R

; FOF R@

i RETURN

; SECTION FOF Y-VALUE AND
s NUMERICAL CHARACTERS

325.MAC (Continued)
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. CSECT
.TITLE DISP. THE DNTA OF 100K HZ
.GLOBL NENFD, nSHOWe
LPSVC=170416
LPSVCNR=170420
LFSVCY=17042¢
 MCALL . .V2..,.REGDEF
v R
. REGDEF
. MARCRO SHGW R, B, C i MACROD CARLL FOR VERTI. VALUES
Moy #A, NFOSYL
MOy #E, NFOS2
Moy #C, NFQOSZ
JSR FC, RSHOQWZ
. END'M
REXPD MOV FQ, -(SF) ; FUSH R@
My L, -CSP) ; FUSH R1
tay R, =C&F) ;i PUSH R&
MOV RZ, =(SP) ; FUSH R3
Moy R4, =¢SSP , FUSH R4
Moy ES, =CSF ; FUSH RS
MO\ (RS>, FO +SET UFP R® WITH ARDRESS
Moy GIRS), FY s 1ST DATA FOINT
RGN @ECRSY, RE » LAST DATH FOQINT
MOy ELOCRS ), DATHD , LOWER LIMIT
MOy LS (RS, DATAHY s UFFER LIMIT
MQy @14 RS>, N1 sDISFLAY INDEX
Moy EL16CRS ), Y1 s DISPFLAY INCEXN
Moy E2OCRS Y, LAST ; INDEXN FOR »-\'RLUE
MOy Ri, UATAS , R1=DATAS
MO R2, 0ATAZ s Re=0'ATRZ
SUB kL1, FR2 ; Re=r2-F1
Moy R, 'ATAL i SAVE B2 AS DATA FOINTS
CLR R3 s RI=0
DEYY . SUB B, B2 y RZ=R2/Z
INC [
CMF W3, RE
ELE LEVL
Moy EZ LAST s LAST=RZ
0MEGA: ASL k1 iR1=gx*R1
ADL Fi, kO s RO=ALDORESS OF 41ST DATH PT
DEC [ATAS ; FIRST=FIRST-1
START : CLR LFSVCX y LEEVCH=0
CRT1: CHP CRQY, #-100 ; VALUE=-1007
ENE ALFHA , NQ, GOTO ALFHRA
ACD B4, RO s SKIF THO DATA FTS
ADC Wz, DATAS
ACD #100. . LFSVYCHX s DISPLAY IN SFECIAL FORM
Moy 900 . RZ2
JMFP MOVEZ , GOTQ MOVESR
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! APPENDIX C 101
i
i RLFHA Moy RO RY JSAVE DATA IN R4
4 INC LHTRS CORTAS=0ATHS ¢4
| i che CATHS, DATAL +DATRSC=DATAZ?
E | BLE CRTZ S YES, GOTO CRTZ
E | JHp auTt » N0, GOTO oUT
4 > CRT2 MOV BIO02, LPSVC . SET UP STATUS OF SCOPE
; READY . TSTE LFSVC . SCOFE READY?
1 BFL REALY SN0, NATT
4 cMp R4, DATA JFREQ. DLONER LIMIT?
4 BLE GRAMMA CYES, GOTO GAMMA
MOV 250, R3 MO MOVE 250 TO Y-VALUE
ER MOVEL L GOTO MOVEL
GAMMA . CNP F4, DATAA .FREQC CUFPER LIMIT®
E ] EBGE CELTS CYES. GOTO DELTA
i Moy WIRSQ L KT s MOVE 3ES0 TO ¥Y-VALUE
. ER MOVE L , GOTO MOVEL
i DELTA. CLR R JR2=0
4 CLR Fa JR3I=0
i MOV Fd4, RESER] » SHYE R4
i CLR ) L Rd=Q
Mov Vi, Ry VSET UF RY
THETA.  ALD R1, R DOUBLE-FRECISION
ROC RI CCRIV(RIN=1280#R]
INC R
p CHP RLSEQ L R
BGE THETH
Moy PESEFL, R4 L SAVE R4=NO. OF COUNTS
' CLR F1 JF1=@
ETA. SUB R4, R2 » COUBLE-FRECISION
SEC R JR1=(RIMCRID /R4
INC F1
CHP nQ, R
ELT ETA
: CMHE R4, RO
£ EBLE £ R
- SUE N1, R y R1=FL1=-N4
4 MQ R1.RZ s R3=R1Y
; MOVEL: (LR F1 ,R1=0
Moy LAST, k2
. DEVS SUE FoLRd i R1=R4R2
1 INC F1
{ CHE FOLFY
BLE DEVE
| AL R1, LFSVON JROG RL TO M- VALUE
& MOVES: MOV FI LPSVOY yRI=Y=VALUE ON SCOFE
: MoV FI,TEST
R’ Mo LESYON, NSCALE SHVE LPEVCX
: MOy CATRS, FL
R . CHp CHTAL, 150 CDATA FTSI1S0T
£ EGT 0ot CYES. GOTO OKO1
i CLF Fo

€20 = NEW335.MAC (Continued)
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0KO .

OK1:

QKo1 .

0K11:

oKa21

OK31:

QK41

K61

on

0Kg1

RGN
Sue
INC
CMP
ELE
CMP
BEQ
JMP
SUe
CMF
BLE
cne
EEQ
SHON
J M F'
CHMFP
ENE
SHON
JMF
cre
ENE
SHOW
J 1 F‘
e
ENE
SHOW
JME
che
ENE
SHOMW
JMP
CMF
ENE
SHOW
JMF
CHF
ENE
SHON
J “ F'
CMF
ENE
SHOW
J " F
CHF
ENE
SHOMW
JMF
CHF
ENE
SHQMW

APPENDIX C

R1, R4
812, R4
[
#12, R4
(N
#0, R4
K14
CRT)
M1, R2
#12, RS
(N}
B0, RE
or0t

CRT1
#100. . K1
(RN
N1, NQ, NO
CRT1
#2000 , K1
OF &1
N NQLNO
(RTYL
W00 LR
(W] g |
NZ, NOL. NGO
GRTL
#4000 . K1
Okl
N4, NQ. N&
CRT1
HS00. . R
OKS1
NS, Lt NQ
CETL
#enn.  RA
(LN
NE. NO, NOQ
CRTH
#7700 L RL
(] |
NT, N, NO
(FT1L
#oon LR
Or &1
NS, NO, NO
CRTYA
Beon LRI
ISR
N&, NG, NO
CETL

i R4,10=RQ

s R4=07

s YES, GOTOQ

» NO. GOTO
IRIAL0

s RE=07

» YES, GOTO
SFACE. SFACE, SPACE

0K1
CRT1

oKoL

;6070 CRTR

DISFLAY
i LINE ON

» DISFLAY
» LINE CN

s DISFLAY
LINE ON

s DISFLAY
i LINE ON

+DISFLAY
i LINE ON

i DISFLAY
i LINE QN

DISFLAY
s LINE ON

s DISFLAY
- LINE ON

» DISFLRY
» LINE ON

€20 = NEW335.MAC (Continued)

160 AND
SCOFE

SO0 ANCG
SCOFE

00 AND
SCOFE

400 RND
SCOFE

S0Q AND
SCOFE

€00 AND
SCOPE

SO0 AND
SCOFE

SO0 AND
SCUPE

s VERTI. LINE ON SCOFRE

VERTI.

VERTL.

VERTI.

VERTL.

VERTI.

VERTI.

VERTL.

VERTI.

VERTI
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APPENDIX C 33
- OK®1:  CHMP #1000, kY
E & , BNE 0r104
- SHUN N1, NO. NO i DISFLAY 100 AND VERTI.
2 JMF CRT1 » LINE ON SCOPE
. BNE Ok111
- SHOMN N1, N4, NO (DISPLAY 140 AND VERTI
- 0Ki11.  JINP CRTY ‘LINE ON SCOFE
- ouT . nOy LAST, B20CRS)
- Mov CERM L RS i FOF RS
- new (SFuv, RY s FOF R4
i MO\ CSRM 4+ RD s POF R3
- MOV (SPa¢, R2 ,FOP R2
- MO CSPa+, RY s POF KA
i MOV CSFM+, RO CFOF RO
- RTS e . RETURN
- DATAL:  NORD O
§ | GATR2. . NORD
| OATAS . NORD
| LATA4 . NORD
DATAS . . NORD @
Ri:  NORD
Y1 . NORD
4 RESER1 . . NORD
RESER2: . NORD
LAST. . NORD
. CCSECT  NOATHZ i SECTION FOR N-VALUE
NFOSL: . BLKN 3
KFOS2: L BLKN 2
XPOSY, | ELKN 3
XKSCALE:. . NORD @
TEST. . NORD
CCSECT  NUML S SECTION FOR NUMERICHL
NO . CEBYTE V6,101,118, 105, 76 i CHRRACTERS
NL. CBYTE 0402 A7T 100 0
NG . CBYTE 142,188, 110,405 100
N2 CBYTE 42,101,141, 111, 66
NS CBYTE 30,24, 20 4TT. 20
NS . CBVTE 47,008 105,108, M
N6 LBYTE T, 111,121,110, 62
NT. CBYTE 104,41, 21,11, 7
NS . CBYTE  €6,111.4811, 111, €6
NS CBYTE 46,184,481, 2128, 76
SPACE. . BYTE & 0.0 0,0
. EVEN
‘ . CSECT

. END NENFD

e o T SRR,

20 = NEW3IS,MAC (Continued)
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104
’  CSECT
| CTITLE  HSHOWS
\ . GLOBL NSHOMZ
s LPSVC=1T0416 ¢
| LPSYCN=170420
i LPSVCY=170422
4 .MCARLL .. V2....REGLEF ¢
4 L N2
! . REGDEF |

» THIS SUERQUTINE IS TO LISFLAY NUMEBERICAL CHARCTERS
QN THE SCOFE AND ENFRND THE HONRI. SCALE

R e

KSHONZ2 : MOV RO, =C(SP) ; FUSH RO
May F1, =CSF) i PUSH R1
1 MOy g2, =CSP) , PUSH R2 |
| MOy RZ, =CSP) , PUSH R2 {
@ Moy R4, ~CSP) i FUSH R4
} May RS, - CSP) .FUSH RS
| CLR Fd , R4=0
' CLR LPSVC R L LFSVCX=0
CLR LPSVCY L LPSVCY=D
MOV XSCALE. XLINE , SAYE NSCALE
SUE #3E€. , NECALE i NSCRLE=NSCALE-I6
MGy NEQST, @ i FIRST CHARACTER
ER GRMMA , GOTO GAMMA
ALFHA. MOV NEQSD. RO . 2ND CHRFRACTER
EF GRMMA ; GOTO GAMMA
EETA: MOV XPQSI, RO ; RD CHARACTER ’
GAMMA: MOV #-5.F1 ,F1=-5 FOR S COLUMNS.'CHRRRAC
DELTA: ADD B14, NSCALE CFOSITION FOR NENT COLUMN
CLR RS i RS=0
Mav #=7. R2 .R&==7 FOR 7 ROWS/CHARAC
MOVE CROY+, B2 ; SAVE DATA IN R3
ZETR: ROLE RZ ;i ROTATE RI
BFL KAFFA ; CARRY EIT SET,DISFLAY A DOT
MOy #2002, LPSVC ; SET UF SCOPE
FHI . 1STE LPSVC , SCOFE FERDY?
EFL FHI S NCL NATT
Moy RS. LFSVCY ;YES, PUT A DOT ON SCOFE
nev NECALE, LFSVEN
VRPPR.  ALD #il, RS i ¥=FOSITION FOR NEXT DOT ]
INC R i R2=RI+L
ENE TETA CFINISH R COLUMN?
INC R S F1=Fi+1
ENE LELTA JFINISH A CHARACTER?
INC 3} , Rd=FR4+y
CMF ML, R4 ,Fa=17
EEQ ALFHA CVES, TRY 2ND CHARACTER
CMF W2, R4 iR4=2"
REOD EETA ,YES, TRY IRD CHRRACTER

C21 - NEW345.MAC, Displaying Vertical Coordinate
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4 MoV 8120, RS iRS=120
) MU . MOV #2002, LFSVC ,SET UF THE SCOFE
i i OMEGR: TSTE LPSVC i SCOFE READY?
{ BFL OMEGA NG, WATT
| : INC RS i RS=R5+1
4 MOV TEST. R3 i RI=TEST=Y-VALUE
3 cUR RS, R3 i R3=RZ-RS
i CHF #3200, R3 i 192<R3?
i BLT FSI + YES, GOTO FSI
ADD WEDD, RS i RS=RS+384
MOV 840006, TEST i SET UF TEST
FSI. MOy RS, LESVCY i VERTI. STRAIGHT LINE
MoV SLINE, LFSVCN
CHP WTTTE, RS ; 4095>=RST
] BGE MU , YES. GOTO MU
1 Moy (SFY+. RS ,FOP RS
§ MOy (SPY+, R4 ,FOF R4
Moy (SFY+, R3 (FOF R3
MOV CSF)+, RS (FOF RE
MOy CSFY+, R ,FOF RY
MOV CSF a4, RO , FOF RO
RTS FC i RETURN
NSLINE: . WORD @
_CSECT XDATAZ ; SECTION FOR X-VALUE
e XPOS2: .BLKWN 3
XP0S2: .BLKH 3
" XPOS3: .BLKN 3
KSCALE. . WORD
TEST: . HORD
. CSECT
_END HEHONZ
1
g

C2] = NEW345.MAC (Continued)
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0K0O:
0K01 .

OKZ3S:
0K4:
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. CSECT
.TITLE DSLOF ;DISPLAY A FITTED STRAIGHT
. GLOEL DSLOF ; LINE ON SCOFE
LFSVC=170416€6
LPSVCOX=170420
LPSVCY=170422
.MCALL ..V2 .,. REGDEF
AN
. REGDEF
Mov RO, -(SF> i PUSH RO
Moy ki, -C¢SF) . PUSH R1L
Mov RE, =CSF) ;s FUSH RQ
Moy R, =(SFD i FUSH RZ
Moy K4, -(SP> s FUSH R4
Mmow RS, =(SP> s FUSH RS
nov 2(FS)Y, kO s SET UF RO WITH ADDRESS
Mov EI (RS, FIRST ; FIRET =S
Moy Fe RS>, R4 y SET UF AST DATH FOINT
Moy ®10CRSY, INH , IA=SLOFE
nov B12(RSY, 1R , IE=INTERCEFRT
MO\ EI14C RS, LAHST yLAST=01SFPFLAY INDEN
CLR [ i BX=0
Sue FIRST, R4 ; Fa=Rd4-8
Moy FIRST,R2 P RE=FIRST
RSL 5 i RE=RI#Q
ALD rRe, RO s ADDRESS QF LST DATA FPT
MOV LRST, R& SRVE K&
MQV (RO»+, K1 MOVE DRTR TO R1
SUB ke, R i RLSRE=RT
INC RZ
CMFP F2, R
ELE oKol
DEC k4 i Rd4=Rk4-1
CMP #Q. R ;al=R4 T
ELE OKQo , YES, KEEF DOQING
MOV RI, VO » N=VALUE OF 1ST DRTA FPT
CLR LFSVOX sLREVON=Q
CLR LFESVCY s LEVCY=0
CLR RO y RO=0
Mav VON, B4 , SAVE R4
Moy IA.RZ s RX=1R
Mo 1B, R Re=1E
MoV #2000, LFSVC i SET UF THE SCOFE
TSTE LFSV( , SCOFE RERDYY
EFL (N ) » NOL WRIT
cne 8oL RO ; YES, RO=0"
ENE EETH , NO, GOTO EBETH
SiUg RI, RS , YES, Re=RE-R2
sug NS0 L R4 s R4=R4-50
CMFP #o, RO ,ar=RET

C22 - NEW355.MAC, Displaying Straight Line Fit
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80F GAMMA » YES. GQTO GAMMA

CMP B, Re ; OCR4?

BLT OMEGR s YES. GOTO QMAGH
GRNNA. MOV VOXN, R i SAVE X-FOSITION

MOy IR, RZ » SAVE SLOFE

May 18, RS » SAVYE INTERCEFT

Mov #1, R0 s RO=1

BR NS »GOTQ OK4

ROD F3, R s R2=R2+R3

ADD #50. ., Fd i R4=R4+50

CMP BTPTE RS s 4Q3%S5{=R47

ELE aur » YES. GOTO QuT

CMFP BTTVERE » 4O8E(=F2T

BLE ouT s YES, GOTO QUuT

Mnov Fd, LFSVDN s DISPFLAY A 0OT

nay 2, LFSVCY

ER aKr4 ; GOTO OKN4

Moy CSPY+, RS » FOF RS

MOy (SFy+, R4 , FOF R4

RIY (SPY+, RZ s FOP R2

Moy CSPY+, RS , POFP RE

MOV CSRPX+, RE , FOUF K1

MOV (SFY+, RO +FOF RO

RTS FC » RETURN

. HORD (¢]

. WORD ¢

. NORD: Q

NOFD

. NQRD

. END

C22 -~ NEW355.MAC (Continued)
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DISF:

[, DEVY
; OMEGAH

STRRT
CRT1.

HLPNA
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APPENDIX C 108
. CSECT.
CTITLE  CISE THE DATA OF 100K HZ
. GLOEL  DISF, NSHON
LFSVC=1704d10
LESVCHE=170420
LFESVCY=1T0922
.MCALL . V2. ... REGDEF
s e
. REGDEF
. MACRO  SHOW R.EB.C , MARCRGO CARLL FOR
roy WE, NFOSY SDISPLAYING ¥-ARIS
now BE, NFOS2
Moy RO, SFPOSZ
JSR FO.NSHON
CENDM
MOV PO, -(SP) , FUSH k@
Moy FL, -(SF) s FUSH R1
MOy [P < , FUSH R
Mo B3, =CSk CFUSH RZ
Mo Fd, =i SFD FUSH R
Moy By =SSP . FUSH RS
Moy SYRSY. PO , SET URP RO WITH ALDRESS
naw @3RS Y R y SET UFP &1
now Be RSV RS s SET UP RE2
RTRAY BLOCRS )Y, CESER) s SET UP RESERL

nov F1.FIRST

Moy FS, DATHSE
SUg FL. Rk

oy R DRTAYL
CLE o

SUg #4,RC

INC RS

CHF #4 K&

ELE DEWA

now FS, LRST
RSL k1

AOD [ S N

Moy FIRST. F)
DEC F1

CLF LRSVCN
CMF CRO . =g
ENE ALFRA

ALC #4. RO

ALD LA |

ROD #1000, , LFSVCAN
Moy Hoso0 L fS
JiE HOVE -

oy R LRN N
INC F1

CHF L, 0RTHS

SHVE R1
s SAVE R2
CRE=RI-R1=DATA FOINTS

~

-

SAVE ND.

Fo=i

UF DATA FTS

CRS=RO4

S SRYE RS

SR1=2eR1

CFD=RALDFESS OF FIRST DATA
F1=NJ. OF FIRST DATA

-

LPSYCN=0
VALUE=-100"

«NO.GOTO ALFHA

SSNTR THO

[ATR FTS

CLREVCN=LFIVEN+L 00

-

CISPLAY IN SFECTAL FORM

CSRVE DRATA IN RY

Fl=R1+1
FLIDATRZT

€23 = WFW3I33.MAC, Displaying Data and Horizontal Coordinate
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CRT2:
RERDY:

GAMNMAG :

GRMMRAY :

GARNHMAZ :

DEVZ .

MOVEL:

DEY3:

MOVEZ:

0KO:

OK1:

ELT
JMFP
MGy

JSTE

EFL
CHF
BLT
mow
ER

CHF
ELT
nmow
AL
JMF
CHF
BGT
May
AL0
JMF
Moy
BRI
CLR
CUE
SEC
INC
NP
ENE
CHF
ELE
CLE
Mo
SUE
INC
CHMFP
ELE
ALD
Moy
Mo
Moy
CHF
EGT
CLE
MG
SUE
INC
CMF
ELE
CHF
EEQ
JHP
SUE

APPENDIX C 109

CRT2 i YES, GOTO CRT2

auT ; GOTO OUT

BZOO2. LFSYC : SET UFP THE SCOFE
LFSYC + SCOFE RERDY?
REARDY s NOL HARIT

84c0. , K4 i 480CNO. CF COUNTS?
GAMMA@ +YES, GOTO GAMMAO
#3500, , RS s DISFLAY IN SPECIAL FORM
MOVEL . GOTO MOVEL

#0, R4 ; BCRST

GHMMAL ; YES, GOTO GAMMAL
#200. , RS s R&=200
#5608, , LFSYCN

HOVEZX s GOTO MOYES
gcoon. , R4

GAMMAZ

#2230, , kRS
#7, LRSSV
MOYES
#eSabd, o i OQUELE-FRECISION
“:’:E'n F':

ES

Ed4, Re s RS=1, €00, 00074
R

ES

#o, FIE:

CEVE

F4, F2

LEYE

FEZ i R3I=0

LAST, RE i SET UP RZ

ke, R4

X

e, kg

DEVZ

EZ, LFSVCH

FES, LFESVCY

RS, TEST
LFSVYCH, MSCALE
CATAL, #L1SO.

»DISFLAY A DOT OGN SCOFE

; HTR FTS>1S507

Kot s YES, GUTO GKOL
Rz

Fi1, R4

#12, R4 i R4/10=RE

Rz

#12, R4

0K

#o, R4 i R4=07

0K i YES, GOTO OK1
CRET1 ;s NO, GOTQ CRT1
BLe, R ;R3/10

C23 = NEW333.MAC (Continued)
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i &
i CHF w1z, FZ i
i ELE 0h 1 I
CHP #o.RZ s RI=07 1 2
BEQ a1 CYES, GOTO OKOL } ]
| SHOM SFACE. SFRCE. SFACE , VERTI. LINE OMN SCOFE (4
1 JHeE CRT1 ; GOTO CRTL . i1
§ 0KO1:  CHF B100. ., R1 i
; ENE QK11 3
1 SHOM Ni, NGO N@ ;DISFLAY 100 AND VERTI.
JHF CRT4 .LINE ON SCOFE
Gkl CHF ey KT B = |
3 ENE oK1 &
i SHON N, ND, ND CDISFLAY 200 AND VERTI. i
) JHE CRT1 .LINE ON SCOFE
4 GK21 : CMF WI0o o, Rl
i ENE 0KZ1 _
y SHON NZ, NG NG CDISFLAY @@ AND VERTI.
| JNF CRT1 CLINE ON SCOFE b
i K31 CHF #4000 , R
‘ ENE aras ¢
SHOW ET CDISPLAY 400 AND VERTI. i
JMF (FTL .LINE ON SCOFE f
Qk41  CHF BEO0 LR i
ENE 0t sS4 §
SHOW NE. NI, NO , LISFLAY S@@ AND VERTI. §
Ine (FT1 CLINE ON SCOFE :
OKS1: CHF #enn. Lkl &
ENE nh el ) §
SHOM Ne, NG NO s DISFLAY €08 AND VERTI.
JHF CRT1 i LINE ON SCOFE
0kel CMF #7000 . R1
BNE or v
SHOW NTLNEL NG CDISPLAY TO0 AND VERTI
INF CRTH S LINE QN SCOFE
0rve. CHe BEOO. L FL
ENE 0K e ;
SHON NE, NOL ND L DISFLAY &00 AND VERTI. i
JHF CRTL .LINE QN SCUOFE i
0Ka1 CHF HORD. , k1 3
~ ENE ar a1 |
- SHOW N2, NO. NO COISFLAY @00 AND VERTI. i
JNF CFT1 .LINE QN SCOFE 1
are1- CHP B1OOO. ., F1 :
BNE 0rio1 \
SHOM ML, NG, N@ CUISPLAY LO@ AND VERTI 3
0K1a1 JHF CRT1 s LINE ON SCUOFE : |
ouT nov LAST, FESER1 . SHYE RESERL i
nov CSFY+, RS .FOF RS
MOy (CFY+, R4 FOF E9
rHay L R P e , FOF RT3
Moy SFEy+, k2 FOF R2

C23 - NEW333.MAC (Continued)




: . RESER1:
DRTARL :
DRTR2.

% FIRST:
; LAST:
4

XP0S1 .
NFQs2:
NPOSZ
NECALE.
TEST.

NOQ
N1.
NS
N3
4
NS .
NE
NT
N3 .
‘ NS
SPRCE -

May
MOV
ETS
. HORD
YN

HORD

. CSECT
. NORD
. HORD
. CSECT
. BLKN
CBLEW
. BLAW

WORD

- HWORD
. CSECT
. BYTE
CBYTE
. BYTE
. BYTE
CBVYTE
. BYTE
CBYTE
. BYTE

% e

el

. BYTE
CEBYTE

EVEN

« GSECT

ENC

! US, GOVERNMENT PRINTING OFFICE

APPENDIX C

CSFaeLRL
(SFYe, RO
FU
@

SCOFF

~DATH

-

Lar Ly

L)

NUMEEF

Q. 102,177, 100, 0

LFOF RL
,FPOF RO
, RETURN

» SECTION FOR DRATH

SECTION FOR N-VALUE

 SECTT
vE.121. 4181, 115, TE

142,121,414, 105108
4:! 101, 211201, 60

30,29, 52, 477, 20

47,408,105 108, ©

LT 0 I G IR S
101. 45,2000 7
3 s e 0 0 R AR U G
L o S 1 0 O T 6
@ o0 0.0

BIsP

ORI =

D IRA A

UN FGR NUMERICAL
s CHREACTERS
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